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St) There are disclosed methods for the treatment of non-insulin dependent diabetes mellHus in a 
mammal comprising the prolonged administration of GLP-1{7-37). and related peptides. Also disclosed 
are compositions to prolong the administratton of the peptides. 
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This is a cx)ntinuation-ln-part of copending United States Serial Numl)er 08/044,133 filed on Aprii 7, 1993. 

Thepres ntinv ntion relates t compositions and methods for th treatment of Diatwtes Mellitus. More 
specifically, th present inv ntion relates to composittons to prolong th administration f glucagon-lik pep- 
tide 1 (GLP-1), and derivatives thereof. These compositions are useful in treatment of N n-lnsulin Dependent 
Diabetes M ilitus (NIDDM). 

Th amin acid sequence f GI-P-1 is kn wn as: 

His-Asp-Glu-Phe-Glu-A^g-His-Ala-Glu-ay-Thr-Phe.Thr.Se^Asp-Val-Se^-Ser-Ty^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-GIu-Phe-lle-Ala-Trp-Leu-Vai-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) 

GLP-1 is disclosed by Lopez, LC. et al.. RNAS., USA 80: 5485-5489 (1983); Bell, G.I., et al.. Nature 
302: 716-718 (1983); Heinrich, G. et al., Endocrinol. 115: 2176-2181 (1984) and Ghiglione. M., et al., Diabe- 
tologia 27: 599-600 ( 1984). 

During processing in the pancreas and intestine. GLP-I is converted to a 31 amino acid peptide having 
amino acids 7-37 of GLP-1, hereinafter this peptide is referred to as GLP-1(7-37). 

This peptkJe has been shown to have insulinotropic activity, that is. it is able to stimulate, or cause to be 
stimulated, the synthesis or expressfon of the hormone insulin. Because of this insulinotropic activity, GLP- 
1(7-37) is alternatively referred to as insulinotropin . 

GLP-1(7-37) has the following amino acid sequence : 



HIs-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-au-ay-Gln-Ala-W 
Glu-Phe-lle-Ala-Trp-Leu-VaJ-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2). 

GLP-1(7-37), certain derivatives thereof and the use thereof to treat Diabetes mellitus in a mammal are 
disclosed in United States Patent Numbers 5,118.666 {'666 patent) and 5.120.712 (712 patent), the disclosures 
of these patents being incorporated herein by reference. The derivatives of GLP-1(7-37) disclosed in the '666 
and 712 patents include polypeptides which contain or lack one of more amino acids that may not be present 
in the naturally occuning sequence. Further derivatives of GLP-1 (7-37) disclosed in the '666 and 712 patents 
include certain C-terminal salts, esters and amides where the salts and esters are defined as OM where M is 
a pharmaceutically acceptable catfon or a lower (C,-Ce) branched or unbranched alkyt group and the amkles 
are defined as -NR2R3 where R2 and R» are the sanne or different and are selected from the group consi^ing 
of hydrogen and a lower (Ci-Ce) branched or unbranched alkyi group. 

Certain other polypeptides, alternatively referred to as truncated GLP-1 or truncated insulinotropin. having 
insulinotropic activity and the derivatives thereof are disclosed in PCT/US 89/01121 (WO 90/11296). Those 
pdypeptkles. referred to therein as GLP-1 (7-36), GLP-1 (7-35) and GLP-1 (7-34) have the following amino 
acki sequences, respectivety. 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-au-^ 
Glu-Phe-ile-Ala-Trp-Leu-Val-Lys^Gly-Arg (SEQUENCE ID NO: 3); 
His-Ala-G!u-Qly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-ljeu-G!u-ay-<^ 
Glu-Phe-lle-Ala-Trp-LBU-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Vd-Ser-Ser-Tyr-Leu-au-Gly^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

Derivatives of the polypeptides disclosed in PCT/US89/01121 include polypeptides having inconsequential 
amin add substituti ns. or additi nal amin acid to nhance coupling to earn r prot in or to nhance th 
insulinotropfc effect thereof. Further d rivatives of insulin tropin disclosed in PCT/US89/01121 indud certain 
C-terminal salts, esters and amides where the salts and esters are defined as OM where M is a pharmaceut- 
ically acceptabi cation or a low r branched or unbranched aikyi group and the amides are d fined as -NR2R» 
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where and are the same or different and are selected from th group consisting f hydrogen and a lower 
branched or unbranched alky! group. 

Fig. 1 shows th effect of a prolonged infusion (7 h urs) of 4 ng/kg/min insullnotropin n plasma glucose 
levels in patients with NIDDM. 
5 Fig. 2 shows the effect of a short infusion (60 minutes) of 1 0 ng/kg/min in ulinotropin n plasma glucose 

I vels in pati nts with NIDDM. 

Fig. 3 shows the effect of a prolonged inf usk>n (7 hours) of 2 ng/kg/min and 4 ng/kg/mrn of insullnotropin 
on plasma glucose levels in patients with NIDDM. 

Fig. 4. Mean (n=3) Plasma Concentration of Insulinotropin in Rats After Subcutaneous Administration of 
10 Single 0.5 nog/O.S rnH Doses in Different Aqueous Suspenstons (AS). 

Fig. 5. Mean (n=3) Plasma Concentration of Insullnotropin in Rats After Subcutaneous Administratk>n of 
Single 0.5 mg/0.5 ml Doses in Different Aqueous Suspenstons (AS). 

Fig. 6. Mean (n=3) Plasma Concentration of Insullnotropin In Rats After Subcutaneous Administration of 
Single 0.5 ntg/O.S ml Doses in Different Aqueous Suspensions (AS). 
15 Fig. 7. Mean (n=3) Plasma Concentration of Insulinotropin in Rats After Subcutaneous Admlnistratton of 
Single 0.5 mg/0.5 ml Doses in Different Aqueous Suspensions (AS). 

Fig. 8. Mean (n=3) Plasma Concentration of Insulinotropin in Rats After Subcutaneous Admintstratk)n of 
Single 0.5 mg/0.13 ml Doses In Different Aqueous Suspensions (AS). 

Fig. 9. Mean (n=3) Plasma Concentration of Insulinotropin in Rats After Subcutaneous Administration of 
20 Single 0.5 mg/0. 1 3 ml Doses in Different Aqueous Suspensions (AS). 

Fig. 10 shows pharmacokinetk: studies of an insulinotropin zinc precipitate. 

In one embodiment, the present Invention is directed to a method for the treatment of non-insulin depend- 
ent diabetes mellitus in a mammal in need of such treatment comprising the repeated administration over an 
extended period of time of a compound with prolonged action after each administratlonp said prolonged action 
25 necessary to achieve sustained glycemic control in such nnammals, said compound selected from the group 
consisting of. 

(a) a peptide having the amino acid sequence: 

His-Ala-Glu-Cay-Thr-Phe-Thr-Ser-Asp-Ved-Ser-Ser-Tyr-Leu-^ 

30 

Glu-Phe-lle-Ala-Trp-ljeu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino acid sequence: 

35 His^la-Glu-Gly.Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr4jeu-Glu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 
40 (A) Lys, 

(B) Lys-Gly, and 

(C) Lys.Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

45 wherein W is an amino ackl sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-Hls-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
» (SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-Hls-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-S 
|jeu-Glu-(ay-GlrWya^a-Lys<3lu-Phe^le-Ala-Trp4jeu-V^ (SEQUENCE 
55 ID NO. 6) 

which derivative wh n processed in a mamnnal results in a polyp ptided rivativ having an insulinotropic 
activity; 

3 
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(d) a derivative of a polypeptid comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from th group consisting of 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p^Val-Ser-SerTyr-Leu-Glu-Gly-^ 
Glu-Phe-lle-Ala-Trp-Lfiu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Mp-Val-Ser-Ser-Tyr-Leu-Qu-ay^riV^ 
GJu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser.Tyr4^-Glu-GI^ 
GIu-Phe-IJe-Ala-Trp-Leu-Val-Lys-Gly; (SEQUENCE ID NO: 4) and 
HisVVIa-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-Tyr-Leu-^ 
Glu-Phe-IJe-Ala-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 5) 

and 

(e) a derivative of said peptides (a) through (d) wherein said derivative Is selected from the group consisting 
of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyi ester of said peptkjes; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically acceptable 
amkJe selected from the group consisting of amide, lower alkyI amide and lower dialkyi amide. 

Preferred is the method wherein said administratbn is subcutaneous. 

Also f»Bferred is the method wherein said administratton is Intramuscular. 

Also preferred is the method wherein said administratton is transdermal. 

Also especially preferred is the method wherein said administration is by an infusion pump. 

Also preferred is the method wherein said administration is by oral inhalation. 

Also preferred is the method wherein said administratton ta by nasal inhalatk>n. 

Also preferred is the method wherein said admin istratbn is gastrointestinal. 

In another embodiment, the present inventton is directed to a composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptkJe having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser'AspA^aI^er-SerTyr4jeu-Glu-a^ 
Glu-Phe-lle-Ala-Trp-Leu-Vai-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptkte having the amino acid sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr^je^ 
Glu-Phe-lle-Aia-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly, and 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the prinnary structure 

H2N-W-COOH 

wherein W is an amino acki sequ nee sel ct d from th group consisting of 
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His-Asp-Glu-Phe-Glu-Arg-Hls-Ala-G!u-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-T^^^ 

Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly^Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe^lu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-^^^ 
l£U-au-Gly-Gln-Ala-AlarLys-Glu-Phe^le7«a-Trp-Leu-Vd^^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insulinotropic 
activity; 

(d) a derivative of a polypeptide comprising the prinnary structure 

H2^4-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-^u-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-Tyr4jeu<5l^ 
GIu-Phe-rie-AIa-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Va^Se^-Ser-Tyr4Jeu-Glu-^ 
au-Phe-IIe-Ala-Trp-Leu-Val-Lys-Gly-Arg {SEQUENCE ID NO: 3) 
HisnAIa-^au-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-Tyr^jeu-^ 
Qu-Phe-lle-AlaTrp-Uu-Val-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Glu-GV-Thr-Phe-Thr-Ser-Asp-Val^-Ser-Tyr4jeu-Gl 
Glu-Phe-IIe-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group con- 
sisting of: 

(1) a phanmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a phanmaceutically acceptable alkali additk)n salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyt ester of sakj peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically acc6ptai>le 
amkie is selected from the group consisting of amide, lower alkyi amide and lower dialkyi amkJe, and 

(ii) a polymer capable of protonging the actk)n of said compound to achieve sustained glycemic control. 

Especially preferred is the compositk>n wherein said polymer is a low nK>lecular weight polymer. 

Further especially preferred Is a composition wherein said potynier is selected from the group consisting 
of polyethylene glycol, polyvinylpyrrolidone, polyvinylalcohol, polyoxyethylene-polyoxypropylene copolymers, 
polysaccharides selected from the group consisting of cellulose, celluk)se derivatives, chitosan, acacia gum, 
karaya gum, guar gum, xanthan gum, tragacanth, alginic add, carrageenan, agarose, and furcellarans, dex- 
tran, starch, starch derivatives, hyaluronic acid, polyesters, polyamides, potyanhydrides, and polyortho esters, 
with especially preferred polynners selected from the group consisting of polyethylene glycol and polyvinylpyr- 
rolidone. 

In another embodiment, the present inventk)n is directed to a composition of matter comprising; 
(i) a compound selected from the group consisting of: 
(a) a peptide having the amino add sequence: 



His-Ala-GIu-GIyThr-Phe-Thr-Ser-Asp-Val-Ser-SGr-Tyr4jeu-G 
Glu-Phe-IIe^a-Trp"Leu-Val-Lys-Gay.Arg-Gly (SEQUENCE ID NO: 2); 
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(b) a peptide having th amino add sequence: 

Hls-Ala-^lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr4jeu-a 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly, and 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-GluV\rg-His-Ala-Glu-ay-Thr-Phe-Thr-Ser-Asp-Val-Ser-S^^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg4iis^a-^u-Gy-Thr-Phe-7hr-Ser-Asp-Vd-Ser-Se^^^ 
|jeu43lu43ly-aivAlaV«a-Lys-Glu-Phe-ne^a-Trp^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insulino- 
tropte activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-^lu-6ly-Thr-Phe-Thr-Ser-AspA/a^Ser-Se^-Tyr4JB^ 
Glu.Phe-lie.AIa.Trp-Leu-Val-Lys-Gly-Arg.Gly (SEQUENCE ID NO: 2); 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-au-Giy-Glr)^ 
Glu.Phe.|le-Ala-Trp-Leu.VaI-Lys-GIy.Arg (SEQUENCE ID NO: 3); 
His-Ala-Glu-Gly-Thr-Phe-Thr-SerVtep-Val-Ser-Ser-Tyr.Leu-Glu-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-;ya-Glu-Gly-Thr-Phe-Thr-Ser-Asp-VaI-Ser-Ser-Tyr-Leu-Gu-<ay-<a 
Gu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyl ester of said peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyl amide and tower dialkyi amide, 
and 

(it) a pharmaceutically acceptable wat r-immiscible oil suspension capabl of prolonging administra- 
tion of said compound. 

Especially pref rred is th compositbn wh rein said oil is selected from th group consisting of peanut 
oil, sesame oil, almond oil, castor oil, camellia oil, cottonseed il, olive oil, corn il, soy oil, safflow roil, ccv- 



6 
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conut oil. esters of fatty acids, and esters of fatty alcoh Is. 

Furth r especially pref rred is the composition further comprising a wetting ag nt, especially a n nionic 
surfactant. 

M re further especially preferred is the composition further comprising a suspending agent 
In another mbodim nt, th pres nt inv ntion is directed to a compositi n of matter comprising; 
(i) a compound s lectedfromth group consisting of: 
(a) a peptide having the amino add sequence: 



His-Ala-Glu-GlyThr-Phe-Thr-Ser^p-Val-Ser-SerTyr-Leu-Glu-ay^^^ 
Glu-Phe^lle-Ala-Trp-Leu-Val-Lys-GlynArg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-Tyr-Leu-G^^^ 
Glu-Phe-lle-Ma-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys. 

(B) Ly&-Gly. and 

(C) Lys-Gly-Arg; 

(c) a derivative of a pdypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp-Glu.Phe.Glu-Arg-His^a-Glu-Gly-Thr-Phe-Thr-Ser.Asp-Vd^^ 

Leu-Giu-Gly-Gln-Ala-Ala-Lys-Qlu-Phe-lle-Ala-Trp-Leu-Val-Lys.Gly.Arg-Gly 
(SEQUENCE ID NO: 1) and 

His.Asp-Glu-PhG-Glu-Arg-His-Ala-Glu-Gly.Thr-Phe-Thr.Ser-^Asp-Val-Se^^^ 
Leu43u-Gly-Glr>iAlaVWa-Lys^u-Phe^le^Tr^^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mamnral results in a polypeptide derivative having an insulino- 
troplc activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino add sequence selected from the group consisting of 

His-Ala-Glu-Gly.Thr-Phe.Thr-Ser.Asp"Val-Ser-Ser-^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly^g-Gly (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Vd-Sw^^^ 
Glu-Phe-lle-Ala-Trp-L^-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3) 
His-Ala^lu.GlyThr.Phe^Thr.Ser.Asp.Val-Ser-SerTyr.^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gly-Thr-Phe-Tlir-Ser-Asp-Val-Ser-SerT^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 



and 
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a derivative of said peptides (a) through (d) wherein said denvativ is selected from the group 
consisting of: 

(1) a phanmaceutically acceptable acid addition salt of said peptide ; 

(2) a phamrtaceutically aGceptat>ie carfooxylate salt of said peptides; 

(3) a pharmac utically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acc ptable low r alkyi ster of saki p ptides; and 

(5) a pharmaceutk:alfy acceptable amide of sakl peptkles wherein said pharmaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyt amide and lower dlalkyl amide, 
and 

(11) zinc (II), which is complexed with the peptide. 
Preferred is the composition capable of sustained glycemic actk>n. 
Especially preferred is the composition wherein the zinc product is amorphous. 
Also especially preferred is the compositk>n wherein the zinc product is crystalline. 
In yet another embodiment, the present Invention Is directed to a composition of matter comprising; 
(I) a compound selected from the group consisting of: 

(a) a peptide having the amino add sequence: 

Hls-A!a-<au-Gly-Thr-PhG-Thr-Ser-Asp-Val^-SerTyr4jBu-a 
Glu-Phe-lle-Ala-Trp-ljeu-Val-Lys-ay-Arg-Gly (SEQUENCE (D NO: 2); 

(b) a peptide having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-SernAsp-Val-Ser-Ser-Tyr-Leu^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly, and 

(C) Lys^Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp*Glu-Phe-Glu-Arg-Hls-Ala-<alu-Gly.Thr-Phe-Thr-Ser-Asp-VaJ-Se^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Va|.Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1)and 

His-Asp-Glu-Phe-Qlu-Arg-Hls-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-VaJ-Ser-S 
Leu-Glu-Gly-an-Ala-Ala-Lys-Glu-Phe-lleTUa-Trp^je^ (SEQUENCE 
ID NO: 6) 

and which derivative when processed in a mammal results in a pdypeptkJe dertvatrve having an insu- 
linotropto acth^ity; 

(d) a derivative of a pdypeptlde comprising the primary structure 

H2N-R-COOH 

wherein R is an amino add sequence selected from the group consisting of 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-^jeu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val'Lys-Gly-Arg-Giy (SEQUENCE ID NO: 2) 
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His-Ala-Glu-Gly-Thr-Phe-Thr-SerV\sp-Val-Ser-SerTyr^jBU-Glu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr4jeu-Glu-Gly^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val^-SerTyr4jeu-Glu^ 
Qlu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group consisting 
of: 

(1 ) a phamnaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyi ester of sakJ peptides; and 

(5) a pharmaceutically acceptable amide of said peptkles wherein said pharmaceutically acceptable 
amide Is selected from the group consisting of amide, lower alkyI amide and lower .dialky! amide, 
and 

(ii) a metal selected from the group consisting of Ni (11), Co (II), Mg (II). Ca (II), K (I), Mn (II), Fe(ll), and 
Cu(ll). 

In yet another embodiment, the present invention is directed to a composition of matter comprising; 
(i) a compound selected from the group consisting of: 

(a) a peptkJe having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-As|>Val-Ser-Ser-Tyr-Leu-Glu-Gly-G^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser.Tyr4^Gu-ay-<ari 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys^Gly, 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp-Glu-Phe-au-Arg-His-Ala-Glu-GlyThr-Phe-Thr-Ser-Asp-Val-Ser-Ser-T^^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Qlu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1)and 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser^^ 
|jBU^u-Gly-Gln^-Ala-Lys-G!u.Ph0.|l0^a.Trp.l^ (SEQUENCE 
ID NO: 6) 

whk:h derivativ when processed in a mammal results in a pdypeptkle derlvativ having an insulino- 
tropic activity; 
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(d) a derivative of a polypeptid comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequ nee selected from th group consisting of 

His-Ala-Glu-Gly-Thr-Pho-Thr-Ser^p-Val^-SerTyr-Leu-Glu-Gly-Gan^ 
Glu-Phe-Ke-Ala-Trp-ljeu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr4.eu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3); 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^sp-Val-Ser-S^Tyr4jeu-G 
Glu-Pha-lle-AlaTrp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-A!a-Glu-Gly-Thr-Piie-Thr-Ser-Asp-Va!-Ser-Ser-TyrAjeu-Glu-a^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and a derivative of said peptides (a) through (d) wherein said derivative is selected from the group con- 
sisting of: 

(1) a pharmaceutically acceptable ackJ addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyl ester of said peptides; and 

(5) a pharmaceuticalty acceptable amide of said peptides wherein said pharmaceutically acceptable 
amide is selected from the group consteting of amide, lower alkyl amide and lower dialkyi amide, 
and 

(ii) a basic polypeptide, wherein such composition is an aqueous suspension capable of sustained gly- 
cemic control. 

Especially preferred is the composltk)n wherein the basic polypeptide is protamine. 

In yet another embodiment, the present invention is directed to a composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptide having the amino add sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Va[^-SerTyr4jeu-Gli^^ 
Glu-Phe-lle^a-Trp-Uu-VaHys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino acki sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-«er-Tyr-Lfiu^ 
Glu-Phe^lle-Ala-Trp'ljeu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys^Gly, 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 
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His-Asp-Qlu-Phe-Glu-Arg.His-Ala^Iu^ly.Thr-Ph6-Thr.S©r.Asp-Val-Ser-Ser-Tyr- 

Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-VaMys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1)and 

His.Asp-Glu-Phe-Glu-Arg-His^Ala-Glu.Gly-Thr-Phe-Thr-Ser-Asp-VaI-Ser-Ser^^^^ 
Leu-GIu-ay-Gln-Ala-AIa4.ys-Glu-PheJle^a-Tip-Uu-V^ {SEQUENCE 
ID NO: 7) 

which derivatfve when processed in a mamma) results In a polypeptide derivative having an insulinotropic ac- 
tivity; 

(d) a derivatfve of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala^lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser^erTyr4jeu-<3u^^^ 
Glu-Phe-lie-Ala-Trp-Leu-Val-Lys-Gly^g-Gly (SEQUENCE ID NO: 2): 
Hls.Ala"Qlu-Qly.Thr-Phe-Thr-Ser.Asp-Val-Ser.Ser-Tyr-ljeu^u^ 
Glu-Phe-lle-Aia-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3); 

HiSTAIa-GIu-Gly-Thr-Pho-Thr'Ser-AspA/al-Ser-Ser-Tyr-l^-^ 
Glu-Phe-II^AIa-Trp-LBU"Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-Ala-Glu-Gly-Thr-Phe-Thr"Ser-Mp-Val-Ser-Ser-Tyr4jeu<3lu-a 
Gtu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 6); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptatile acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower aikyi ester of saki peptides; and 

(5) a pharmaceutk:ally acceptable amide of sakl peptkies wherein said pharmaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyi amide and lower dialkyi amkie, 
and 

(ii) a phenolic compound, wherein such composition is an aqueous suspenston capable of sustained 
glycemic control. 

Especially preferred is the composition wherein said phenolic compound is selected from the group con- 
sisting of phenol, cresol, resorcinol, and methyl/araben. 

In yet another embodiment, the present invention is directed to a composition of matter comprising; 
(i) a compound selected from the group consisting of: 

(a) a peptide having the amino add sequence: 

His-AlarGlu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu^ 
Glu-Phe-lle-AIa-Trp-LeuA/al-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) ap ptid having th amin acidsequ nee: 
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His-Ala-^lu-Gly-Thr-Phe-Thr-SernAsp-Val-Ser-Ser-Tyr-Uu-Glu^^ 
Glu-Phe-lle-A)a-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly, 

(C) Lys-Giy-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

Hi's-Asp-GIu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Se^^^ 
Leu-Gfu-Gly-GIn-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
{SEC3UENCE ID NO: 1) and 

HIs-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Qly-Thr-Phe-Thr-Ser-^p^^ 
Leu^u^ay-Glri^a-AIa^TS-Gu^^he^ie-AlaTi^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insul ino- 
tropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2^4-R-C(30H 

wherein R is an amino acid sequence selected from the group consisting of 

His-Aia-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Vaj-Ser^^er-Tyr^jBU-GIu-a^ 
Glu-Phe-lle-Ala^Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 
His-Ala.Glu^ly-Thr^he-Thr-SerV^sp.Val-Ser-Ser-Tyr4jeu-GI^ 
Glu-Phe-lle-Ala-Trp-Ljeu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3); 
His-Ala-<3!u-6ly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr4j^^ 
Glu-Phe-lle-Ala^Trp"Leu-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-Ala-Gu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Ljeu-Glu-(^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable cart>oxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyt ester of saki peptkies; and 

(5) a pharmaceutcally acceptable amide of sakj peptkies wherein said pharmaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyi amide and lower dialkyi amide, 
and 

(ii) a basic polypeptid andaph n liccomp und.wh rein such compositk>n is an aqueous suspensi n 

capabi of sustained glycemic control. 
In another mbodim nt the present inventbn is directed to a compositioa of matter comprteing; 
(i) a compound sel ctedfromth group consisting of: 
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(a) a peptide having the amin add sequence: 

His-AIa-Glu-Gly-Thr-Phe-Thr-Ser-Asf>-V€d-Ser-Ser-Tyr4^^ 
Glu-Phe-lle^a-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino add sequence: 

Hi5-Ala-GIu-ay-Thr-Plie-Thr-Ser-Asp-Val-Ser-Ser-Tyr4jB^ 
Glu-Phe-lle-AIa-Trp-Ljeu-Val-X (SEQUENCE ID NO; 7) 

wherein X Is selected fronn the group consisting of: 

(A) Lys, 

(B) Lys-GIy. and 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser.Se^^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-iSly 
(SEQUENCE ID NO: 1) and 

HIs-Asp-Glu-Phe-Glu-Arg-His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr- 
LeU"Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-l(e-Ala-Trp-Leu-Val-Lys-Qly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insulino- 
tropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino add sequence selected from the group consisting of 

His-Ala-Glu-Giy-Thr-Phe-Thr-Ser-Asp-Val-Ser-5erTyr4.eu^ 
Glu-Phe-lie-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu^^ 
Glu-Phe-lle-AIa-Trp-Leu-Vai-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
His-Ala•Glu-Gly-Thr-Phe-Thr-Ser^p-Va^Ser-SerTyr-Leu-Glu-Gly^^ 
Glu-Phe-lle-AIa-Trp-Leu-Val-Lys-Qly; (SEQUENCE ID NO: 4) and 

Hls-Ala-G!u-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser.Ser-Tyr4jeu^ 
Glu-Phe-lIe-Afa-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 5) 

and 

a derivativ of said peptides (a) through (d) wh rein said derivative s selected from the group 
consisting of: 

(1) a phannaceutically acceptabi acid addrti n salt of said peptides; 

(2) a pharmaceutically acceptab) carboxylate salt of said peptides; 
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(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceuticaily acceptatite lower alkyt ster of sakl peptides; and 

(5) a pharmaceutically acceptabi amide of said peptkJes wherein^said pharmaceutically acceptable 
amid is selected from the group consisting of amid , tower alky) amid and lower dialkyi amide, 
and 

(ii) a basic polypeptide, a phenolic compound, and a metal k>n wh rein said compositi n is an aqu us 

suspensbn capable of sustained glycemic control. 
Preferred is the composition wherein sakj basic polypeptide is protamine. 
Also preferred is the compositk)n wherein said metal ton is ztna 

In another embodiment, the present inventton is directed to a composition of matter comprising; 
(i) a compound selected from the group consisting of. 

(a) a peptide having the amino acid sequence: 

His-Ala-GIu-GlyThr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr4jBU-Glu-G^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptkie having the amino add sequence: 

His-Ala-<3lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-|jeu-GI^ 
Glu-PheHle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly, 

(C) Lys-Giy-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp-Glu-Phe-G!u-Arg-His-Ala-Glu-Gly-Thr-Phe-Tfir-Ser^p.Val-Ser-Ser^^ 

Leu-Glu-Gly.Gin-Ala-Ala-Lys-GIu-Phe-lle-Ala-Trp-Leu-Val-Lys-GIy-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-GIu-Phe-Glu-Arg-His-Ala-Glu-ay-Thr-Phe-Thr-Ser-Asp-Vd-^ 
L^u-GliJ-Gly-<ari-A!a^Lys-GI^^ (SEQUENCE 
ID NO: 6) 

whk:h derivative when processed in a mammal results in a pdypeptkJe derivative having an insulino- 
tropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 
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His-Ala-Glu-Gly-Thr-Phe-Thr-SerVtep-Val-Ser-SerTyr-l£^ 
GIu-Phe-IIeVMa-Tfp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTiT4jBu-GlLh^ 
GIUrPhe-lle-AIa-Trp-Leu-Val-Lys<3ly.Arg (SEQUENCE ID NO: 3); 
His-A!a-Glu-Gly-Thr.Phe.Thr.Ser-Asp-Val-Ser-SerTyr4^a^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-AspA/al-Ser-S6r-Tyr4jBU-a 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a phamnaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a phamnaceutically acceptable lower alkyi ester of said peptides; and 

(5) a pharmaceuticalty acceptable amide of saki peptides wherein said pharmaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyi amide and lower dialkyi amide, 
and 

(ii) said peptides and derivatives thereof having been subjected to conditions resulting in anmphous 
crystalline fonmation. 

Preferred is the compositk>n wherein said conditions are high shear, exposura to salts; or combinations 
thereof. 

Especially pieferred is the composition wherein said salt is selected from the group consisting of ammo- 
nium sulfate, sodium sulfate, lithium sulfate, lithium chloride, sodium citrate, ammonium citrate, sodium phos- 
phate, potassium phosphate, sodium chtoride, potassium chloride, ammonium chloride, sodium acetate, am- 
monium acetate, magnesium sulfate, calcium chloride, amnwnrum nitrate, and sodium formate; and combin- 
ations thereof. 

In still another embodiment, the present Invention is directed to a composition of nnatter compreing; 
(i) a compound selected from the group consisting of: 
(a) a peptide having the amino add sequence: 



His-Ala-^au-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino acid sequence: 

His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Vd-So'-Ser-Tyr-ljeu-Glu-Gly^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys^Gly, 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the prinnary structure 

H2N-W-COOH 

wherein W is an amino add sequ ncesel cted from the group consisting f 
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His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu.Gly-Thr^he.Thr-Ser.Asp-Val-Ser-Ser-^^^ 
L u-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Ph -lle-Ala-Trp-Leu^Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

Hls-Asp-Glu-Phe-GIu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Vd-5er-Ser^^^ 
Leu-au-Gly-GlnnAla-Alaiys-Glu-Phe-lle-AlaTfp4jeu-Va^L^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insutino- 
tropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-<3lu<ay-Thr-Phe-Thr-Ser^p-VaJ-Ser-SerTyr^je^ 
Glu-Phe-ll^Ala-Trp-Leu-VaHys-GIy-Arg-Gly (SEQUENCE ID NO: 2); 
His-Ala-Glu-Gly.Thr-Pho-Thr-Ser^p-VaI-Ser-Ser-Tyr4^^ 
Glu-Phe-lle-Ala-Trp-Leu-VaJ-Lys-Gly-Arg (SEQUENCE ID NO: 3); 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-SerTyr-Leu^ 
Qlu-Phe-ile-AIa-Trp-Lau-Val-Lys^iy (SEQUENCE ID NO: 4); and 
Hls-Ala-GIu-Gly-Thr^'he-TTir-Ser-AspA/al-Ser-Ser-Tyr-l^^ 
Glu-Pho-lle-AIarTrp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyi ester of said peptides; and 

(5) a pharmaceutcally acceptable amide of saki peptkles wherein said phannaceutically acceptable 
amide is selected from the group consisting of amide, lower alkyI amide and lower dialkyi amide, 
and 

(ii) a liposome delivery system. 

Especially preferred is the compositton wherein said liposome Is phospholipkJ based. 

Also especially preferred is the compositk)n wherein saki liposome is non-phosphotipid based. 

The present invention is also directed to the treatment of non-Insulin dependent diabetes mellltus in a manv 
mal in need of such treatment comprising the prolonged administration of the composittons of the present in- 
ventton. 

Unless otherwise indicated, the tenm "derivative", as used throughoutthis Specif k^tnn and the appendant 
claims, Includes, but is not limited to, polypeptkJes comprising the primary structure shown, wherein one or 
more L-amino acids are included at the C-termlnus thereof, wherein the C-terminal cart>oxyt group forms an 
ester with a (Ci-Ce) straight or branched chain alkyI group; wherein the C-terminal carboxyl group fomis a car- 
boxamide or substituted carboxamide; wherein the acidic amino add residues (Asp and/or Glu) form an ester 
or carboxamide; and combinatk)ns thereof. 

Included within the scope of this inventton are polypeptides having homology to the peptides described 
at>ov , which h mology is sufficient to impart insulin tropic activity to such polypeptkjes. Also included within 
the scope fthisinv ntk>n are variants of th polyp ptides described abov , whk:h variants comprise incon- 
sequ ntial amin acid substituti ns and have insulin tropk: activity. 

Glucagon-like Peptide-1 (7-37). its iso{atk>n, characterizati n. and use t treat Diabetes mellitus are dis- 
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dosed in United States Patent Number 5.118.666 and 5.120.712. the disclosures of these patents in their en- 
tirety being incorporated herein by ref rence. 

In the present inv nti n, it has now been discovered that prolonged plasma levations of GLP-1. and re- 
lated polypeptides, are necessary during the meal and beyond to achieve sustained glycemic control In pa- 
tients with Non Insulin D pend nt Diabetes Meiiitus. It has surprisingly be n found that raising GLP-1 and 
related peptides, around meal time alon . v n f r periods f up to one h ur. will not adequately control the 
glucose levels. Thus, administration of GLP-1 . and related peptides, requires a prolonged delivery system. This 
prolonged delivery system leads to an enhancing of insulin action. 

The phrase 'enhancing insulin action", as used throughout this Specification and the appendant claims 
includes, but is not limited to. one or more of increasing insulin synthesis, increasing insulin secretion, increas^ 
ing glucose uptalce by muscle and fiat and decreasing glucose production by the liver. 

The polypeptides of this invention are prepared by various methods weH know to those skilled in the art 
For example, the polypeptides can be synthesized using automated peptkJe synthesizers such as an Applied 
Biosystems (ABI) 430A soiki phase peptide synthesizer. AlternaUvely. the polypeptides of this inventkin can 
be prepared using recombinant DMA technology wherein a DNA sequence coding for the polypeptide is oper- 
ably linked to an expression vector and used to transform an appropriate host cell. The transformed host cell 
IS then cultured under conditbns whereby the polypeptkte will be expressed. The polypeptMe is then recovered 
from the culture. Further still, a combination of synthesis and recombinant DNA techniques can be employed 
to produce the amWe and ester derivaUves of this invention and/or to pixxluce fragments of the desired poly- 
peptkte which are then joined by methods well known to those skilled in the art 

Derivatives of the polypeptides according to this inventton are prepared by methods well known to those 
skilled in the art For example. C-temiinal alkyi ester derivatives of the polypeptUes of this invention are pre- 
pared by reacting the desired (CrC.)alkanol with the desired polypeptide in the presence of a catalytic add 
such as HCI. Appropriate reaction conditions for such alkyI ester formation indude a reaction temperature of 
about 50"C and reactton times of about 1 hour to about 3 hours. Similarly, derivatives of the polypeptkJes of 
this invention comprising (C^-CJalkyl estere of the Asp and/or Glu residues within the polypeptide can be so 
formed. 

CarboxamWe derivatives of the pdypeptMes of this inventton are also prepared by solid phase peptide 
synthesfe methods well known to those skiHed in the art For example, see. Solid Phase Peptide Svnthesh 
Stewart J.M. et al.. Pierce Chem. Co. Press; 1984. ' 

Alternatively, or in combinatton with the above, derivatives of the polypeptkles of this inventton can be pre- 
pared by modifying the DNA coding sequence for such polypeptkte so that a basic amino add resMue is re- 
placed with adifferent basic amino add resMue or with an add addle or neutral amino add resMue. or an addto 
amino aod residue is replaced with a different addic amino add residue or with a bask: or neutral amino add 
resWue. or a neutral amino add resklue is replaced with a different neutral amino add resMue or with an addto 
or basic ammo acM residue. Such changes in polypeptkte primary sequence can also be accomplished by di- 
rect synthesis of the derivative. Such methods an well known to those skilled in the art Of course, such der- 
ivatives, to be useful in the practice of this inventton, must achieve an insulinotropic effect 

The insulinotropic activity of a polypeptkte derivative according to this inventton is determined as fdlows. 

Pancreatte islets are isolated from pancreatic tissue from nonmal rats by a modif featton of the method of 
Lacy. P.E.. et al.. Diabetes. 16:35-39 (1 967) in whid) the cdlagenase digest of pancreatto tissue is separated 
on a Ficdl gradient (27%, 23%. 20.5% and 11% in Hanks' balanced salt solutton, pH 7.4). TTie islete are col- 
lected from the 20.5%/11% interfiace. washed and handpidced free of exocrine and other tissue under a ster- 
eomicroscope. The Islets are incubated overnight in RPIW1 1640 medium supplemented with 10% fetal bovine 
serum and containing 11 mM glucose at 37»C and 95% air^5% COj. The islets are then transfeired to RPMI 
1640 medium supplemented with 10% fetal bovine serum and containing 5.6 mIM glucose. The islets are in- 
cubated for 60 minutes at 37''C. 95% alr/5% COj. The polypeptide derivative to be studied is prepared at 1 nM 
and lOnM concentiattons in RPMI medium containing 10% fetal bovine serum and 16.7 iriM glucose About 8 
to 10 isolated islete are then transferred by pipette to a total volume of 250 nl of the pdypeptide derivative 
containing medum in 96 well microtiter dishes. The islets are incubated in the presence of the polypeptide der- 
ivative at 37°C. 95% air/5% COj for 90 minutes. Then, aliquote of islet-free medium are collected and 100 )il 
thereof are assayed for the amount of insulin present by radoimmunoassay using an Equate Insulin RIA Kit 
(Binax. inc.. Portland. ME). 

Dosages effective in treatment of adult onset diabetes will range from about 1 pg/kg to 1.000 ngflcg per 
daywhenapolypeptid derivativ of this inv nttonisadminist red.f r xampi .intraven usiy. intramuscularly 
rsubcutan ously. A preferred dosag range for intrav n us infuston during and between meals is about 4 to 
10ng/kg/min rabout0.6to1.4pg/daybasedona100kgpati ntltist be appredated. however. thatdosages 
outskJeofthatrangearepossibleandarealsowithinthescopeofthlsinventi n.Th appropriate dosage can 
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r.Si^l'a^lIr^lL''*''^^ "■♦yo"'' condition being 

^^i";;:;nlXr"'"^^**'' ''"'^^^ telngaCinisteredandtHeag .we^i^sexaS 

mllliTn"^'' f "J"!";!^'"" ™y ^'^f'^^ "y subcutaneous, intramuscular, or transdermal means, 
ral inhalation, nasai inhalation, gastrointestinal, or by means of an infusion pump 
Prolonged administiati n of GLP-1. and related peptides, may also be achi ved by formulati n as a sol- 
ution in vanous water-soluble polymers. These polymers are generally low mdecular W5 Z P^- 

™J?^!!;I ^''l^ ':' •>°'y'«y«*y«"«-Po'yoxypropylene copolymers, higher motecula^ we^ht pi- 
as^ZeanTsd^r'"'^'r''''"'''^''''~'^^^ 

aod carrageenan. agarose, furcelleran. In the later case, polymers which are degraded in eith^ en«- 
maticaliy or by Jrdralysis are preferred, for example, dextran; starch and its derivaLsfhjSic acS S 
esters. po^amides. polyanhydrides and polyortho eslera. The tissue accumulation as;,SSw 
lecular we^ht non-biodegradable polymers is avoided by using low molecular weight pd^^s^SiX^ 
formulations typically contain 6LP-1. or related peptide^ at apprSSJ ! WTwiJ 
concentration dependent on the polymer, but typically at concentrations up to that which^atterTi^ 

T^t "T^T"^ ^ '^f^^ °^ ^^h'^ving measurable blood ^otrepin. for example. leS^ 

for up to 24 houra. In contrast, insulinotrepin. (or example, formulated in phosphate-bif^ed saline^iutt^n 

i JTn ste hl S"" 'T' '^'^ insulinotrepin absorption rate, for example, f «^ theT 

jection site has been significantly reduced in the presence of the polymere 

ceptebteoii ^^J^^!"!^' ""V^ ^'P''"'*"' « Pharmaceutically ac- 

ceptable oil. The prefemed oils are tngiycerides. Non^imiting examples of such oils include peanutoil sesame 

Si I'srrjJ ""-^o". corn oil. soyoil. safflowero l ari ^^oT 

OMso^otherdassesareacceptable.forexample.estereoffattyacidsandestereoffatty^^^^ asloJgi 

Die ?n^^?^' ^T' ""^ ^ "^"t «^ insulinotrepin. for eZ^ 

are ™' ^ T 10*- !!LMO data in rats demonstrate that these fo^ulaS^ 

are capable of achieving measurable insulinotrepin blood levels, for example, for up to 24 houre In conZL 
n^ujno repin for example, formulated in phospta^ 

ma le,«ls, with plasma level dropping belowdetection limits In just over4houra. Plasma concent^^ 
SeTsZ^'*'""""*"^^^^ 

hinarJihTr^^^^^^ 

OthwfoTTO Of prolonged administration include liposomes, either multilamellar or unilamellar the dtbd- 
may be phospholipid or non-phospholipid based 

Insulinotropin crystals can be obtained frem a solution of the drug in water by using pH gradient (either 
h^htolow or lowtohigh)and/or temperature gradientand/orsaltstoreduce solubility ThLlts^^^^ 

monium acetate, magnesium sulfate, caldum Chloride. ammoniumnitrate.sodiumfom«teand^^^ 
hen^therhquorcanbesubstitutedbypharmaceuticall^ 

In^Trl^rh"^^ ""'"'JI"' '"^^^ ' pham»cokinetic pmf lie, tS^Ty^S 

Mnbetreated by metal KMis such as zinc or caldum and/or phenolic compounds. The treatmen/^^ 
by simply incorporating those additives to the crystal susp nsion. 

n/hT" ^'"'"Ify .°; insulinotropin precipitates r aggregates can rang from less than 1 ug/mL to 500 

^Z l'^t^'^r'^''"'- "^'^'^ * formulations af ^abl of 
achi ving measurable insulinotropin blood levels, for example, for at least 30 houre. 
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Aqueous media used for the above formulations can be any kind of buffer system which can be used for 
injection or ven with pure water. The pH of the final fonmulation can be any valu as long as th fbnmulation 
is injectable. Protamine can be added as any kind of salt form (e.g. sulfate, chlorid , etc.) or protamin t>as6. 
Exemplary concentration ranges of the components whnh can be used for the formulatk>n preparatktn are as 
5 f Hows: ph nol (0.5 to 6.0 mg/nrtl)» nrhcrBSo! (0,5 to 5.5 mg/ml)» protamine (0.02 to 1.0 mg/ml)» zinc (0.10 to 6 
zinc/insulinotropin mcAar ratio), sodium chloride (up to 100 mg/ml), and phosphate buffer (5-500 mM). 

Other phenolic on non phenolic compounds may also be used. Non-limiting examples of such compounds 
include resordnol, methylparaben, propylparaben, benzyl alcohol, chlorocresol, cresol, benzaldehyde, catecol, 
pyrogallol, hydroquinone, n-propyl gallate, butylated hydroxyanisole, butylated hydroxytoluene. Non-limiting 
10 examples of basic polypeptides are polylysine, potyarginine, etc. 

Having described the inventk>n in general terms, reference is now made to specify examples. H is to be 
understood that these examples are not meant to limit the present invention, the scope of which is detenmined 
by the appended claims. 

15 EXAMPLE 1 

Insulinotropin (1 mg/nrtl) Suspension 

Solution A1 preparation 

20 

1 0 mg of insulinotropin was weighed into a 5 ml volumetric flask. Approximately 4 ml of phosphate buffered 
saline (PBS) was added to the flask to diisperse and dissolve the drug. Sufficient PBS (q.s. amount) was added 
to fill the flask. 20 mg of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 8 ml of PBS 
was added to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. The 
25 volunves in both flasks were combined by filtering them by a glass syringe through a 0.22 ^ filter (low protein 
binding) into a 10 nrti glass vial. Solution A1 contained insulinotropin 2 mg/nril in PBS. 

Solution B1 preparation 

30 8 mg of protamine sulfate and 44 nrtg of phenol were weighed into a 1 0 ml volumetric flask. The q.s. amount 
of PBS was added to dissoh^e the protamine sulfate and the phenol. This solutbn was filtered through a 0.22 
p. filter (low protein binding) into a 10 ml glass vial. Sdutton B1 contained protamine base 0.6 mg/ml and phenol 
4.4 mg/ml in PBS. 

35 Aqueous Suspension 1 

1 .5 ml of solution A1 was pipetted into a 3.5 ml type 1 glass vial. The contents of the vial were stirred mag- 
netically while 1.5 ml of solutk)n B1 was pipetted Into the vial. The vial was stoppered and sealed with an alu- 
minum shell. The vial contents were stin'ed gently for 16 hours to allow suspension formatk>n. Aqueous Sus- 
40 pension 1 contained insulinotropin 1 mg/ml, protamine base 0.3 nr>g/ml and phenol 2.2 mg/ml in PBS. This sus- 
pension was used for in vjyo pharmacokinetic studies in rats. 

EXAMPLE 2 

45 Insulinotropin (1 tnglvrA) Suspension 

Solution A2 preparation 

10 mg of insulinotropin was weighed into a 5 ml volumetric flask. Approximately 4 ml of PBS was added 
50 to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. 20 mg of insu- 
linotropin was weighed into a 10 nrtI volumetric flask. Approximately 8 ml of PBS was added to the flask to dis- 
perse and dissolve the drug. The q.s. amount of the PBS was added to the flask. The volumes in both flasks 
were combined by filtering them by a glass syringe through a 0.22^ fitter into a 10 ml glass vial. Solution A2 
contained insulinotropin 2 mg/nni in PBS. 

55 

Solution B2 Preparatton 

2mgofprotamin sulfate and 44 mg of phen I were weighed into a 10 ml volumetric flask. Th q.s.amount 
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of PBS was added to the flask to dissolve the protamine sulfate and phenol. This solution was filtered through 
a 0.22^ filter into a 10 ml glass vial. Solution B2 contain d protamin base 0.15 mg/ml and ph nol 4.4 nr)g/ml 
in PBS. 

5 Ague usSuspensi n2 

1.5 ml of solution A2 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred mag- 
netically while 1.5 ml of solution 82 was pipetted into the vial. The vial was stoppered and sealed with an alu* 
minum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Suspension 
10 2 contained insulinotropin 1 mg/ml, protamine base 0.075 mg/ml, and phenol 2.2 mg/ml in PBS. This suspen- 
sion was used for in vivo pharmacokinetic studies in rats. 

EXAMPLES 

15 Insulinotropin (1 nog/ml) Suspension 

Solution A3 preparation 

20 rr\Q of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 6 ml of PBS was added 
20 to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution A3 
was filtered by a syringe through a 0.22 ^ filter into a 10 ntl glass vial. Solution A3 contained insulinotropin 2 
mg/ml in PBS. 

Solution B3 preparation 

25 

8 nf)g of protamine sulfate, 44 mg of phenol, and 323 mg of glycerin were weighed into a 10 ml volumetric 
flask. The q.s. anriount of PBS was added to the flask to dissolve the protamine sulfete, the phenol, and the 
glycerin. This solutton was filtered by a syringe through a 0.22 \x filter into a 10 ml glass vial. Solutton B3 con- 
tained protamine base 0.6 mg/ml, phenol 4.4 mg/ml, and glycerin 32 mg/ml in PBS. 

30 

Aqueous Suspension 3 

1 .5 ml of Solution A3 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred mag- 
netically while 1.5 ml of Solution B3 was pipetted into the vial. The vial was stoppered and sealed with an alu- 
35 minum shell. The vial contents were stirred for 16 hours to allow suspenston formatk>n. Aqueous Suspension 
3 contained insulinotropin 1 mg/ml, protamine base 0.3 mg/ml. phenol 2.2 mg/ml, and glycerin 16 mg/ml in PBS. 
This suspension was used for in vivo pharmacokinetk: studies in rats. 

EXAMPLE 4 

40 

Insulinotropin (1 mg/ml) Suspension 
Solution A4 preparation 

45 20 mg of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 8 ml of PBS was added 
to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution A4 
was filtered by a syringe through a 0.22 ^ filter (Millipore Millex-GV) into a 10 ml glass vial. Solution A4 con- 
tained insulinotropin 2 mg/ml in PBS. 

so Solution B4 preparation 

8 nng of protamine sulfate and 52 mg of m-cresol were weighed into a 10 ml volumetric flask. The q.s. 
anfKHjnt of PBS was added to the flask to dissolve the protamine sulfete and the nvcresoi. This solution was 
filtered through a 0.22 \x filter into a 10 ml glass vial. Solutbn B4 contained protamine base 0.6 mg/ml and m- 
55 cresd 5 n^g/ml in PBS. 
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Aqueous Suspension 4 

1 .5 ml of sotuti n A4 was pipetted into a 3.5 ml type I glass vial. TTi contents of th vial were stirred mag- 
netically while 1.5 ml of solution B4 was pipetted into the vial. The vial was stoppered and sealed with an ali>- 
5 minum shell. The vial contents were stirred for 16 hours to allow crystal f rmati n. Aqueous Susp nsion 4 con- 
tained insulinotropin 1 mg/ml, protamin base 0.3 mg/ml and m-cresol 2.5 mg/ml in PBS. This susp nsion was 
used for in vivo pharmacoldnetic studies in rats. 

EXAMPLES 

10 

Insulinotropin (1 xx^rri) Suspension 
Solution AS preparation 

15 50 mg of insulinotropin was weighed into a 25 ml volumetric flask. Approximately 23 ml of PBS was added 
to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution AS 
was filtered by a syringe through a 0.22 ^ fitter into a 50 ml glass via). Sotutk>n AS contained insulinotropin 2 
mg/ml In PBS. 

20 Phenol Stock Solution Preparatton 

0.44 g of phenol was weighed into a 100 ml volumetric flask. Approximately 95 ml of PBS was added to 
the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask to dissolve the phenol. The 
resulting solution (4.4 mgAnl phenol) was used to prepare Solutk)n BS. 

25 

Solution B5 preparation 

Solution B5 was prepared by filtering 25 ml of the phenol stock solution through a 0.2 ^ filter into a 50 ml 
glass vial. Solution B5 contained phenol 4.4 nrig/ml in PBS. 

30 

Aqueous Suspension 5 

1.25 ml of solution AS was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.25 ml of solution B5 was pipetted into the vial. The vial was stoppered and sealed with 
35 an aluminum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Sus- 
pension 5 contained insulinotropin 1 mg/ml and phenol 2.2 mg/ml in PBS. This suspensbn was used for in vivo 
pharmacokinetic studies in rats. 

EXAMPLES 

40 

Insulinotropin (1 mg/ml) Suspension 
Solution A6 preparation 

45 SO mg of insulinotropin was weighed into a 25 ml volumetric flask. Approximately 23 ml of PBS was added 
to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution A6 
was filtered by a syringe through a 022 ^ fitter into a 50 ml glass vial. Solutton A6 contained insulinotropin 2 
mg/ml in PBS. 

so Phenol Stock Solution Preparatton 

0.44 g of phenol was weighed into a 100 ml volumetric flask. Approximately 95 ml of PBS was added to 
the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask to dissolve the phenol. The 
resulting solution (4.4 n>g/ml phenol) was used to prepare Solutton B6. 

55 

Soluti n B6 preparation 

Solutk>n B6 was prepared by weighing 1 .25 mg of protamine sulfate into a 25 ml volumetric flask. Approx- 
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innately 20 ml of phenol stock solution was added to the flask to dissolve the protamine sulfate. The q.s. amount 
of ph nol stock solutton was added to the flask. Solution B6 was filtered through a 0.22 \i filter into a 50 ml 
glass vial. Solution B6 contained ph nol 4.4 mg/ml and protamine base 0.038 mg/ml in PBS. 



5 Aqu usSuspensi n6 

1.25 ml of solution A6 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.25 ml of solution 86 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension fonmation. Aqueous Sus- 
10 pension 6 contained Insulinotropin 1 mg/nni, phenol 2.2 mg/nni, and protamine t)ase 0.019 rngM in PBS. This 
suspension was used for in vivo pharmacokinetic studies in rats. 

EXAMPLE 7 

15 Insulinotropin (1 tng/rri) Suspension 



Solution A7 preparation 



50 mg of insulinotropin was weighed into a 25 ml volumetric flask. Approximately 23 ml of PBS was added 
20 to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution A7 
was filtered by a syringe through a 0.22 n filter into a 50 ml glass vial. Solutnn A7 contained insulinotropin 2 
mg/ml in PBS. 



Phenol Stock Solution Preparatfon 

25 

0.44 g of phenol was weighed into a 100 nil volumetric flask. Approximately 95 ml of PBS was added to 
the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask to dissolve the phenol. The 
resulting solutton (4.4 mg/ml phenol) was used to prepare Solutkui B7. 

30 Solution B7 preparation 



Solutton B7 was prepared by weighing 2.5 mg of protamine sulfate into a 25 ml volumetric flask. Approx- 
imately 20 ml of phenol stock solution was added to the flask to dissolve the protamine sulfate. The q.s. amount 
of phenol stock solution was added to the flask. Solutton B7 was filtered through a 0.22 ^ filter into a 50 ml 
35 glass vial. Solutton B7 contained phenol 4.4 mg/ml and protamine base 0.075 mg/ml in PBS. 

Aqueous Suspension 7 



1.25 ml of solution A7 was pipetted into a 3.5 ml type 1 glass vial. The contents of the vial were stirred 
40 magnetically while 1.25 ml of solution B7 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Sus- 
pension 7 contained insulinotropin 1 mg/ml, phenol 2.2 nng/ml, and protamine base 0.038 mg/inl in PBS. This 
suspensk)n was used for in vivo pharmacokinetk: studies in rats. 



45 EXAMPLE 8 



Insulinotropin (1 mg/ff^l) Suspension 
Solution A12 preparatfon 

20 mg of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 6 ml of PBS was added 
to the flask to disperse and dissolve the drug. The q.s. amount of PBS was added to the flask. Solution A12 
was filtered by a syringe through a 0.22 ^ filter into a 10 ml glass vial. Solutfon A12 contained insulinotropin 
2 mg/ml in PBS. 

Sduti n B12 



Solutton B12 was prepared by weighing 20 mg of ph nol into a 10 ml volumetric flask. Approximately 8 
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ml of PBS was added to th flask to dissolv the phenol. The q.s. amount of PBS was added to the flask. Sd- 
utk)n B12 was filtered through a 0.22 ^ filter into a 10 ml glass vial. Soluti n 812 contain d ph n 1 2 mg/ml 
in PBS. 

5 Aqu ous Suspensi n 12 

4 ml of solution A12 was pipetted into a 10 ml type I glass vial. The contents of the vial were stirred while 
4 ml of solution B12 was pipetted into the vial. The vial was stoppered and sealed with an aluminum shell. The 
vial contents were stirred for 16 hours to allow suspension formatk>n. Aqueous Suspensk>n 12 contained in- 
to sulinotropin 1 mg/ml and phenol 1 nng/ml in PBS. TTiis suspension was used for in vivo phanmacokinetic studies 
in rats. 

EXAMPLE 9 

15 Insulinotropin (1 mg/ml) Suspension 

Solution A15 preparatfon 

20 mg of insulinotropin was weighed into a 1 0 ml volumetric flask. Approximately 8 ml of phosphate txjf far 
20 (PB) was added to the flask to dissolve the drug. The q.s. amount of PB was added to the flask. Solutkm A1 5 
was filtered by a syringe through a 0.22 \i filter into a 10 ml glass vial. Solutton A15 contained insulinotropin 

2 mg/ml in PB. 

Solution B15 preparatfon 

25 

Sdutfon B15 was prepared by weighing 8 nng of protamine sulfate into a 10 ml volumetric flask. Approxi- 
mately 8 ml of PB was added to the flask to dissoh^e the protamine sulfate. TTie q.s. amount of PB was added 
to the flask. Solution B15 was filtered through a 0.22 \i filter into a 10 ml glass vial. Solutfon B15 contained 
protamine base 0.6 mg/ml in PBS. 

30 

Aqueous Suspension 15 

3 ml of solution A1 5 was pipetted into a 1 0 ml type I glass vial. The contents of the vial were stlnned while 

3 ml of solution B1 5 was pipetted into the vial. The vial was stoppered and sealed with an aluminum shell. The 
35 vial contents were stirred for 16 hours to allow suspension formatfon. Aqueous Suspensfon 15 contained in- 
sulinotropin 1 mqfrrH and protamine t>ase 0.3 mg/ifni in PB. This suspensfon was used for in yjyo pharmacoki- 
netic studies in rats. 

EXAMPLE 10 

40 

Insulinotropin (1 mg/ml) Suspensfon 
Solution A16 preparatfon 

45 20 nr>g of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 8 ml of PB was added 
to the flask to dissoh^e the drug. The q.s. amount of PB was added to the flask. Solution A16 was filtered by 
a syringe through a 0.22 ^ filter into a 10 ml glass vial. Solutfon A16 contained insulinotropin 2 mg/ml in PB. 

Solution B16 preparatfon 

50 

Solutfon B16 was prepared by weighing 44 mg of phenol into a 10 ml volumetric flask. Approximately 8 
ml of PB was added to the flask to dissolve the phenol. The q.s. amount of PB was added to the flask. Solution 
B16 was filtered through a 0.22 ^ filter into a 10 ml glass vial. Solution B16 contained phenol 4.4 nig/ml in PB. 

55 Aque us Suspensi n 16 

3 ml of Solution A1 6 was pip tted into a 1 0 ml type I glass vial. Th contents of th vial were stirred mag- 
netically whil 3 ml of Solutfon B1 6 was pipetted into the vial. Th vial was stoppered and sealed with an alu- 
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minum shell. The vial contents were stirred for 16 hours to allow suspension fonmation. Aqueous Suspension 
16 contained insulin tropin 1 mg/ml and ph n 1 2^ mg in PB. This suspension was used for in vivo phanma- 
cokin tic studies in rats. 

5 EXAMPLE 11 

Insulinotropin (1 WQ/mH) Suspension 

Aqueous Suspension 17 

10 

10 mg of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 8 nril of PB was added 
to the flask to dissoh^e the drug. The q.s. amount of PB was added to the flask. The contents of the flask was 
filtered by syringe through a 0.22 ^ filter into a 10 ml type I glass vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension fomrtation. Aqueous Sus- 
15 pension 1 7 contained insulinotropin 1 mg/ml in PB. This suspension was used for in vivo phamnacokinetic stud- 
ies in rats. 

EXAMPLE 12 

20 Insulinotropin (1 nr\g/mi) Suspension 

Aqueous Suspension 18 

1 0 ntg of insulinotropin was weighed into a 10 ml volumetric flask. Approximately 8 ml of PBS was added 
25 to the flask to dissolve the drug. The q.s. amount of PBS was added to the flask. The contents of the flask 
were filtered by a syringe through a 0.22 filter into a 1 0 ml type I glass vial. The vial was stoppered and sealed 
with an aluminum shell. The vial contents were stirred gently (niaking sure no foam or bubble formed) for 16 
hours to allow suspension fomrwition. Aqueous Suspension 18 contained insulinotropin 1 nng/ml in PBS. This 
suspensk)n was used for in vivo pharmacokinetic studies in rats. 

30 

EXAMPLE 13 

Insulinotropin (0.2 mg/ml) Suspension 

35 Solution A22 preparatton 

Solutk>n A22 was prepared by weighing 2 mg of insulinotropin into a 5 ml volumetric flask. Approximately 
3 nrti of PBS was added to the flask to dissoke the drug. The q.s. anrKxmtof PBS was added to the flask. Solution 
A22 was filtered by a syringe through a 0.22 \i filter into a 1 0 ml glass vial. Solutk)n A22 contained insulinotropin 
40 0.4 mg/n^ in PBS. 

Solution B22 preparatton 

Solution B22 was prepared by weighing 44 mg of phenol into a 10 nnl volumetric flask. Approximately 8 
45 ml of PBS was added to the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask. Sol- 
utton B22 was filtered through a 0.22 \i filter into a 10 ml glass vial. Solution B22 contained phenol 4.4 mg/ml 
in PBS. 

Aqueous Suspension 22 

50 

1.5 ml of solution A22 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.5 nil of solution B22 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension fonmation. Aqueous Sus- 
pension 22 contained insulinotropin 0.2 nng/ml and phenol 2.2 mg/ml in PBS. This suspension was used for in 
55 vjvo pharmacokinetic studies in rats. 
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EXAMPLE 14 

Insulinotropin (0.2 mg/ml) Susp nsion 

5 Soluti n A23 preparation 

Solution A23 was prepared by weighing 2 mg of insulinotropin into a 5 ml volumetric flask. Approximately 
3 ml of PBS was added to the flask to dissoke the drug . The q.s. amount of PBS was added to the flask. Solution 
A23 was filtered by a syringe through a 0.22 \i filter into a 1 0 ml glass vial. Solution A23 contained Insulinotropin 
10 0.4 mg/nf)I in PBS. 

Solution B23 preparation 

Solution B23 was prepared by weighing 8.8 mg of phenol into a 10 ml volumetric flask. Approximately 8 
15 ml of PBS was added to the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask. Sol- 
utk)n B23 was filtered through a 022 ^ filter into a 10 ml glass vial. Solutbn 823 contained phenol 0.88 mg/ml 
in PBS. 

Aqueous Suspension 23 

20 

1.5 ml of solution A23 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.5 ml of solution 823 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Sus- 
pension 23 contained insulinotropin 0.2 mg/ml and phencri 0.44 mg/ml In PBS. This suspension was used for 
25 in vivo pharmacokinetic stud ies in rats. 

EXAMPLE 15 

Insulinotropin (1 mg/ml) Suspension 

30 

Solution A24 preparation 

Solutk>n A24 was prepared by weighing 10 mg of insulinotropin into a 5 ml volumetric flask. Approximately 
3 ml of PBS was added to the flask to dissoh^e the drug. The q.s. amount of PBS was added to the flask. Solution 
35 A24 was filtered by a syringe through a 022 ^f liter into a 1 0 ml glass vial. Solution A24 contained insulinotropin 
2 mg/ml in PBS. 

Solution B24 preparatton 

40 Solutk>n B24 was prepared by weighing 8 mg of protamine sulfate into a 10 ml volumetric flask. Approxi- 
mately 8 ml of PBS was added to the flask to dissoke the protamine sulfate. Tlie q.s. amount of PBS was added 
to the flask. Solution B24 was filtered through a 0.22 \i filter into a 10 ml glass vial. Solution B24 contained 
protamine base 0.8 nDg/ml in PBS. 

45 Aqueous Suspension 24 

1.5 ml of solution A24 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.5 ml of solution B24 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Sus- 
so pension 24 contained insulinotropin 1 mg/ml and protamine base 0.3 nng/ml in PBS. This suspenston was used 
for in vjyo pharmacokinetic studies in rats. 
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EXAMPLE 16 



Insulinotropin (1 mg/ml) Suspension 

5 Soluti n A25 preparation 

Solution A25 was prepared by weighing 10 nog of insulinotropin into a 5 ml volunmtric flask. Approxinnately 
3 ml of PBS was added to the flask to dissolve the drug . The q.s. amount of PBS was added to the flask. Solution 
A25 was filtered by a syringe through a 0.22 \i f i Iter into a 1 0 ml glass vial. Solutbn A25 contained insulinotropin 
10 2 mg/ml in PBS. 

Solution B25 preparation 

Solutbn B25 was prepared by weighing 53 mg of m-cresol into a 10 ml volumetric flask. Approximately 8 
15 ml of PBS was added to the flask to dissolve the nvcresol. The q.s. amount of PBS was added to the flask. 
Solution B25 was filtered through a 0.22 ^ filter into a 10 ml glass vial. Solution B25 contained m-cresol 5.3 
mg/ml in PBS. 

Aqueous Suspension 25 

20 

1.5 ml of solution A25 was pipetted into a 3.5 ml type I glass vial. TTie contents of the vial were stirred 
magnetically while 1.5 ml of solution B25 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 18 hours to allow suspension formation. Aqueous Sus- 
pension 25 contained insulinotropin 1 mg/ml and m-cresol 2.5 mg/ml In PBS. This suspension was used for in 
25 vivo pharmacokinetic studies in rats. 

EXAMPLE 17 

Insulinotropin (0.5 mg/nrtl) Suspension 

30 

Solution A29 preparatfon 

Solution A29 was prepared by weighing 25 mg of insulinotropin into a 25 ml volumetric flask. Approximately 
20 ml of PBS was added to the flask to dissolve the drug. The q.s. amount of PBS was added to the flask. 
35 Solution A29 was filtered by a syringe through a 0.22 \i filter Into a 50 ml glass vial. Solution A29 contained 
insulinotropin 1 mg/ml in PBS. 

Solution B29 preparation 

40 Sdutkm B29 was prepared by weighing 50 n>g of phenol into a 50 ml volunrvetric flask. Approximately 40 
ml of PBS was added to the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask. Sol- 
ution B29 was filtered through a 022 ^ filter into a 50 ml glass vial. Solution B29 contained phenol 1.0 mg/ml 
in PBS. 

45 Aqueous Suspension 29 

1.5 ml of solution A29 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stirred 
magnetically while 1.5 ml of solution B29 was pipetted into the vial. The vial was stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension formation. Aqueous Sus- 
50 pension 29 contained insulinotropin 0.5 mg/ml and phenol 0.5 mg/ml in PBS. This suspension was used for in 
vivo pharmacokinetic studies in rats. 
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EXAMPLE 18 

Insulinotropin (1 mg/ml) Suspension 

5 Soluti n A31 preparation 

10 nig of insulinotropin was we^hed into a 5 ml volumetric flask. Approximately 4 ml of PBS was added 
to the flask to disperse and dissolve the drug. The q.s. anK)unt of PBS was added to the flask. Solution A31 
was filtered by a syringe through a 0.22 \i filter Into a 10 ml glass vial. Sotutk)n A31 contained insulinotropin 
10 2mg/mlinPBS. 

Solution B31 preparation 

Solution B31 was prepared by weighing 50 mg of phenol into a 50 ml volumetric flask. Approximately 40 
15 ml of PBS was added to the flask to dissolve the phenol. The q.s. amount of PBS was added to the flask. Sd- 
utbn B31 was filtered through a 0.22 \i filter into a 50 ml glass vial. Solution B31 contained phenol 1 mg/ml 
in PBS. 

Aqueous Suspension 31 

1.5 ml of solution A31 was pipetted into a 3.5 ml type I glass vial. TTie contents of the vial were stirred 
magnetically while 1.5 of solution B31 was pipetted into the vial. The vial vras stoppered and sealed with 
an aluminum shell. The vial contents were stirred for 16 hours to allow suspension fonmation. Aqueous Sus- 
pension 31 contained insulinotropin. 1 mgAnl and phenol 0.5 mg/ml in PBS. This suspension was used for in 
vivo pharmacokinetic studies in rats. 

EXAMPLE 19 

Insulinotropin (4 nr^mL) Suspenston 

30 

Solution A51 preparatfon 

22.2 mg of insulinotropin was weighed into a 10 mL glass vial. 5 mL of PBS was pipetted into the vial to 
dissolve the drug. This solutk>n was filtered through a 0.22 \i filter (low protein binding) Into a 10 mL glass vial, 
35 Solution A51 contained Insulinotropin 4.44 mgAnL in PBS. 

Solution B51 preparatfon 

1 1 0 mg of phenol and 30 mg of protamine sulfate were weighed into a 5 mL volumetric flask. Approximately 
40 4 mL of PBS was added to the flask to dissolve the phenol and protamine sutfete. The flask was filled to the 
mark with PBS. The solution was filtered through a 0.22 \i filter (low protein binding) into a 10 mL glass vial. 
Solution B51 contained phenol 22 rnghvL and protamine base 4.5 mg/mL in PBS. 

Aqueous Suspension 51 

3 mLof Solutfon A51 and 0.33 mLof Solutksn B51 were pipetted into a 3.5 mLtype I glass vial. The contents 
of the vial were shaken gently to ensure a honrngeneous mix. The vial was allowed to sit at ambient temperature 
for 16 houra. Aqueous Suspension 51 contained Insulinotropin 4 mg/mL, protamine base 0.44 mg/mU and phe- 
nol 2.2 mg/mL in PBS. This suspenskMi was used for in vivo pharmacokinetfo studies in rats 

EXAMPLE 20 

Insulinotropin (4 mg/mL) Suspenston 

55 Soluti n A52 preparatfon 

22.2 mg of insulinotropin was w igh d into a 10 mL glass vial. 5 mL of PBS was pipetted into the vial to 
dissolve th drug. This solution was filtered through a 0.22 ^ filter (low protein binding) Into a 10 mL glass vial. 
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Solution A52 contained insulin tropin 4.44 mg/mL in PBS. 
Solution B52 preparation 

5 110 mg of phenol and 15.6 mg of zinc acetat dihydrate were weighed int a 5 mL volumetric flask. Ap- 

proximately 4 nf)L of water f r injection was added to th flask t dissdv th ph no! and zinc ac tate dihydrate. 
The flask was filled to the mark with water for injectbn. The solution was filtered through a 0.22 \i filter (low 
protein binding) into a 10 mL glass vial. Solutk>n 852 contained phenol 22 nng/mL and zinc acetate dihydrate 
7.8 mg/mL in water for injection. 

10 

Aqueous Suspension 52 

3 mL of Solution A52 and 0.33 mL of Solution 852 were pipetted into a 3.5 mL type 1 glass vial. The contents 
of the vial were shaken gently to ensure a homogeneous mix. The vial was allowed to sit at ambient temperature 
15 for 16 hours. Aqueous Suspension 52 contained insulinotropin 4 mg/mL, zinc acetate dihydrate 0.78 mg/mL, 
and phenol 2.2 mg/mL in PBS. This suspensbn was used for in vivo pharmacokinetic studies in rats. 

EXAMPLE 21 

20 Insulinotropin (4 n\g/mL) Suspension 

Phenol Solution preparation 

244 mg of phenol was weighed into a 1 00 mL volumetric flask. Approximately 90 mL of water for injection 
25 was added to the flask to dissolve the phenol. The flask was filled to the mark with water for injection. The pH 
of this solutk)n was adjusted to pH 9.0 with 5% NaOH solutk>n. The Phenol Solution contained phenol 2.44 
mg/mL in water for injection pH 9.0. 

Solution A71 preparatton 

30 

222 mg of insulinotropin was weighed into a 10 mL glass vial. 5 mL of the Phenol Solution was pipetted 
into the vial to dissolve the drug. This solutk)n was filtered through a 0.22 ^ filter (low protein binding) into a 
10 mL glass vial. Solution A71 contained insulinotropin 4.44 nng/mL and phenol 2.44 mg/mL in water for injec- 
tion. 

35 

Solution 871 preparatton 

116 mg of protamine sulfate was weighed into a 10 mL volumetric flask. Approximately 8 mL of water for 
injectk>n was added to the flask to dissolve the protamine sulfate. The flask was filled to the mark with water 
40 for injection. The solutk>n was filtered through a 0.22 p. fitter (k>w protein binding) into a 10 mL glass vial. Sol- 
utbn B71 contained protamine base 8.7 mg/hiL in water for injectk>n. 

Solution C71 preparatton 

45 156 mg of zinc acetate dihydrate and 1.632 g of NaQ were weighed into a 10 mL volumetric flask. Ap- 
proximately 8 mL of water for injectton was added to the flask to dissolve the zinc acetate dihydrate and NaCI. 
The flask was filled to the mark with water for injectton. The solution was filtered through a 0.22 \k filter (low 
protein binding) into a 1 0 mL glass vial. Solution C71 contained zinc acetate dihydrate 1 5.6 mg/mL and NaCI 
1 63.2 n>g/mL in water for injection. 

50 

Aqueous Suspension 71 

3 mL of Solutton A71, 0.165 mL of Solutton 871. and 0.165 mL of Solutton C71 were pipetted into a 3.5 
mL type I glass vial. The contents of the vial were shaken gently to ensure a homogeneous mix. The vial was 
55 allowed to sit at ambi nt temperature for 1 6 h urs. Aqueous Suspenston 71 contained insulinotropin 4 mg/mL, 
protamin base 0.435 mg/mL, zinc acetate dihydrate 0.78 mg/mL, NaCI 8.16 mg/mL, and phenol 2.2 n^mL 
in water for injection. This suspension was used for in viv pharmacokin tic studi s in rats. 
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EXAMPLE 22 

Insulin tropin (4 mg/mL) Suspension 

5 m-CfBsol Solution preparation 

244 mg of nfvcresol was weighed into a 1 00 mL volumetric f lasic Approxi nnately 90 mL of water for injection 
was added to the 1\ask to dissolve the nvcresol. The flask was filled to the mark with water for injection. The 
pl-l of this solution was adjusted to pH 9.0 with 5% NaOH solution. The m-cresol Solution contained nvcresol 
10 2.44 mg/mL in water for injection pH 9.0. 

Solution A100 preparation 

22.2 mg of insulinotropin was weighed into a 10 mL glass vial. 5 mL of the m-cresol Solution was pipetted 
15 into the vial to dissoh^e the drug. This sokitbn was filtered through a 0.22 ^ filter (low protein binding) into a 
1 0 mL glass vial. Solutton A1 00 contained insulinotropin 4.44 nr>g/mL and m-cresol 2.44 nngMiL in water for in- 
jection. 

Solution B100 preparation 

20 

116 mg of protamine sulfate was weighed into a 10 mL volumetric flask. Approximately 8 mL of water for 
injectton was added bo the flask to dissoWe the protamine sulfate. The flask was filled to the mark with water 
for injection. The solutnn was filtered through a 0.22 \i filter (low protein binding) into a 10 mL glass vial. Sol- 
utton B100 contained protamine base 8.7 mg/mL in water for injection. 

25 

Solution C100 preparation 

156 mg of zinc acetate dihydrate and 1.632 g of NaCI were weighed into a 10 mL volumetric flask. Ap- 
proximately 8 mLof water for injectk>n was added to the flask to dissolve the zinc acetate dihydrate and NaCI. 
30 The flask was f il)^ to the mark with water for injectbn. The solution was filtered through a 0.22 \i filter (tow 
protein binding) into a 10 mL glass vial. Solutton C100 contained zinc acetate dihydrate 15.6 mg/mL and NaCI 
163.2 mg/rnL in water for injection. 

Aqueous Suspension 100 

35 

3 mL of Solutk>n A100, 0.165 mL of Solution B100, and 0.165 mL of Solution C100 were pipetted into a 
3.5 mL type t glass vial. The contents of the vial were shaken gently to ensure a homogeneous mix. The vial 
was allowed to sit at ambient temperature for 16 hours. Aqueous Suspensbn 100 contained insulinotropin 4 
mg/mL, protamine base 0.435 mg/mL, zinc acetate dihydrate 0.78 mg/mL, NaCI 8.16 mg/mL, and PD-cresol 2.2 
40 mg/mL in water for injection. This suspensbn was used for in vivo pharmacokinetic studies in rats. 

EXAMPLE 23 

Insulinotropin (4 mg/ml) Suspension 

45 

Solution A68 preparatfon 

22.2 mg of insulinotropin was weighed into a 1 0 mL glass vial. 5 mL of the PBS was pipetted into the vial 
to dissolve the drug. This solution was filtered through a 0.22 \i filter (low protein binding) into a 10 mL glass 
50 vial. Solution A68 contained insulinotropin 4.44 mg/mL in PBS. 

Solution B68 preparatton 

116 mg of protamine sulfate was weighed into a 10 mL volumetrk: flask. Approximately 8 mL of water for 
55 injectbn was added to the flask to dissotv th protamine sulfat . The flask was filled to th mark with water 
for injecti n. Th solutton was filtered through a 0.22 \i f ilt r (low prot in binding) into a 10 mL glass vial. Sol- 
utk>n B68 contained protamin ba e 8.7 mg/mL in water for injectk>n. 
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Solution C68 preparation 

156 mg of zinc acetat dihydrate and 440 mg f ph nol was w igh d into a 10 mL volum trie flask. Ap- 
proximately 8 mL of water for inject! n was add d to the flask to dissolve the zinc acetate dihydrate and phenol. 
5 The flask was filled to th mark with wat r for Injectton. The soluti n was filtered through a 0.22 \i f ilt r (low 
protein binding) into a 1 0 mL glass vial. Solution C68 contained zinc acetate dihydrate 1 5.6 mg/mL and phen I 
44 mg/mL in water for injection. 

Aqueous Suspension 68 

10 

3 mL of Solutton A68. 0.165 mL of Solutbn B68. and 0.165 mL of Solutnn C68 were pipetted into a 3.5 
mL type I glass via). The contents of the vial were shaken gently to ensure a homogeneous mix. The vial was 
allowed to sit at ambient temperature for 16 hours. Aqueous Suspensk)n 68 contained insulinotropin 4 mg/mL, 
protamine base 0.435 mg/mL. zinc acetate dihydrate 0.78 mg/mL, and phenol 2.2 mg/mL in PBS. Thte suspen- 
15 ston was used for in vivo pharmacokinetic studies in rats. 

EXAMPLE 24 

Insulinotropin (4 mg/mL) Suspension 

20 

Solution A67 preparatton 

22.2 mg of insulinotropin was weighed into a 10 mL glass vial. 5 mL of the PBS was pipetted into the vial 
to dissolve the drug. This solution was filtered through a 0.22 ^ filter (low protein binding) into a 10 mL glass 
25 vial. Solution A67 contained insulinotropin 4.44 mg/mL in PBS. 

Solution B67 preparatton 

116 nrtg of protamine sulfate was weighed into a 10 mL volumetric flask. Approximately 8 mL of water tor 
30 injectton was added to the flask to dissolve the protamine sulfate. The flask was filled to the mark with water 
for injectk>n. The solutton was filtered through a 0.22 (i filter (low protein binding) into a 10 mL glass vial. ScA- 
utton B67 contained protamine base 8.7 mg/imL in water for injectton. 

Solution C67 preparatton 

35 

156 mg of zinc acetate dihydrate and 440 mg of m-cresol were weighed into a 10 mL volumetric flask. Ap- 
proximately 8 mL of water for injection was added to the flask to dissolve the zinc acetate dihydrate and nv 
cresol. The flask was filled to the mark with water for injection. The solutton was filtered through a 0.22 (i filter 
(low protein binding) into a 10 mL glass vial. Solutton C67 contained zinc acetate dihydrate 15.6 mg/mL and 
40 nvcresol 44 mg/mL in water for injectton. 

Aqueous Suspension 67 

3 mL of Solutton A67, 0.165 mL of Solutton B67, and 0.165 mL of Solutton C67 were pipetted into a 3.5 
45 mL type I glass vial. The contents of the vial were shaken gently to ensure a homogeneous mix. The vial was 
allowed to sit at ambient temperature for 16 hours. Aqueous Suspenston 67 contained insulinotropin 4 mg/mL, 
protamine base 0.435 mg/mL, zinc acetate dihydrate 0.78 nr>g/mL, and m-cresol 2,2 mg/mL in PBS. This sus- 
pension was used for in vivo pharmacokinetto studtos in rats. 

50 EXAMPLE 25 

Solution A39 preparatton 

67.6 mg of insulinotropin was weighed into a glass vial. Approximately 22 mL of water for injectton was 
55 added t the vial to dissolve the insulinotropin. Th pHofth vial content was adjusted to 9.6 using NaOH to 
make a dear solutton. Water for injection was add^ to the vial to make th final drug concentratton to be 2.5 
mg/ml. 
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Solution B39 pr paration 

366.8 mg of zinc acetat dihydrate was weighed into a 1(X) ml volumetric flask. Approximat^y 80 mL f 
water for injection was added to the flask to dissolve the zinc acetate dihydrate. The flask was filled to the 
5 mark with water for injection. SolutI n B39 contained zinc acetate dihydrat 3.9 mgfmL in wat r for injection. 

Solution C39 preparatfon 

1.095 g of phenol was weighed into a 50 ml volumetric flask. Approximately 40 mL of water for Injection 
10 was added to the flask to dissolve the phenol. The flask was filled to the mark with water for injection. Solution 
C39 contained phenol 21 .9 mg/mL in water for injection. 

Solution D39 preparatfon 

15 2.25 g of NaCI was weighed into a 25 mL volumetric flask. Approximately 20 mL of Solutfon C39 was added 
to the flask to dissolve the NaCI. The flask was filled to the mark with Solution C39. Solution D39 contained 
NaCl 9% (w/v) and phenol 21 .9 mg/mL in water for injectfon. 

Aqueous Suspension 39 

20 

All solutions were filtered through 0.22 ^ filters (low protein binding). 9 ml of Solution A39 was transferred 
to a 1 0 ml sample vial. 1 ml of Solutfon B39 was added to the vial while stirring gently. Precipitates were formed 
immediately. The p-H was measured to be 7.0. The vial was alfowed to sit at ambient temperature for about 
18 hours. 4 ml of the sample was transferred to a separate 10 ml vial, and 0.44 ml of Solution D39 was added 
25 to the vial. The sample was stirred gently for 5 minutes and was then allowed to sit at ambient temperature 
overnight 

Aqueous Suspensfon 39 contained insulinotropin 2 nf)g/ml, phenol 2.2 mg/ml, NaCI 0.9%, and zinc acetate 
0.39 mg/ml. This suspensfon was used for in vivo pharn^acokinetfo studies in rats. 

30 EXAMPLE 26 

Solution A53 preparatfon 

32.5 mg of insulinotropin was weighed into a 10 ml glass vial. 6 ml of water for injectfon was added to the 
35 vial. The pH of the vial content was adjusted to 9.6 using 1% (w/v) NaOH to make a dear solution. Appropriate 
amount of water for injectfon was added to make the drug concentration to be 5.0 mg/ml. 

Solution B53 preparatfon 

40 390 mg of zinc acetate dihydrate was weighed into a 50 ml volunDetric flask. Approximately 40 mL of water 
for injection was added to the flask to dissolve the zinc acetate dihydrate. The flask was filled to the mark with 
water for injection. Solution B53 contained zinc acetate dihydrate 7.8 mgAnL in water for injection. 

Aqueous suspensfon 53 

45 

All solutions were filtered through 0.22^ filters (low protein binding). 2.4 mLof Solution A53 was transferred 
to a 3.5 ml vial. 300 ^1 of Solutfon B53 was added to the vial while stirring gently. Biref ringent precipitates were 
formed immediately after the additfon. The pH was measured to be 6.8. After the vial was allowed to sit at anrv 
bient temperature for 20 hours, 7.5 \sl of nvcresol was added directly to the supernatant of the settled sus- 
so pension. The suspension was then stirred gently to dissolve the m-cresol. 300 ^1 of 9% NaCI solution was add- 
ed to the suspension with stirring. Aqueous Suspension 53 contained insulinotropin 4 mg/mL, 0.9% NaCI, 0.76 
mg/mL zinc acetate, and 2.5 mg/mL nrn^resol in water for injection. This suspensfon was used for invivo phar- 
macokinetic studies in rats. 

55 
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EXAMPLE 27 

Soluti n A54 preparation 

5 32.5 mg of insulinotropin was weighed Into a 1 0 ml glass vial. 6 ml of water for injection was added to th 
viaLTh pHofth vial content was adjusted t 9.6 using 1%(w/v)NaOH to mak a clears lution.Appropriat 
annount of water for injection was added to make ttie drug concentration to t>e 5.0 mg/ml. 

Solution BS4 preparation 

390 mg of zinc acetate dihydrate was weighed into a 50 ml volumetric flask. Approximately 40 mL of water 
for injection was added to the flask to dissolve the zinc acetate dihydrate. Ttie flask was filled to the mark with 
water for injection. Solution B54 contained zinc acetate dihydrate 7.8 nDg/inL in water for injection. 

15 Solution C54 preparatton 

1 . 1 g of phenol and 4.5 g of NaCI were weighed into a 50 ml volumetric flask. Approximately 40 mL of water 
for injection. The flask was filled to the mark with water for injection. Solution C54 contained phenol 22 mg/mL 
and NaCI 90 mgAnL 

20 

Aqueous Suspension 54 

All solutk)ns were filtered through 0.22 (if liters (low protein binding). 2.4 ml of Solution A54 was transferred 
to a 3.5 ml vial. 300 ^il of Solution B54 was added to the vial with stirring. Biref ringent precipitates were fonmed 
25 immediately after the addition. The pH was nneasured to t>e 6.8. The sample was allowed to sit for 20 hours 
at ambient temperature. 300 |il of Solutbn C54 was added with gentle stirring. Aqueous Suspensbn 54 con- 
tained insulinotropin 4 mg/ml^ zinc acetate dihydrate 0.78 mgAnU phenol 2.2 mg/mL, and NaCI 9 mg/mL in 
water for injection. This suspension was used for in vivo pharmacokinetic studies in rats. 

30 EXAMPLE 28 

Solution A57 preparatton 

15 mg of insulinotropin was weighed into a 10 mL glass vial. 3 mL of water for injectton was added to the 
36 vial. The pH of the vial content was adjusted to 9.9 using 5% NaOH to dissolve the drug completely. Solution 
A57 coTTtained insulinotropin 5.0 ntg/mL in water for Injectton. 

Solutton 857 preparatton 

40 780 roq of zinc acetate dihydrate was weighed into a 1 00 mL volumetric flask. Approximately 80 mL of water 
for injection was added to the flask to disso^e the zinc acetate dihydrate. The flask was filled to the nrtark with 
water for injection. Solution B57 contained zinc acetate dihydrate 7.8 mg/mL in water for injection. 

Solution C57 preparatton 

45 

2.2 g of phenol and 9 g of NaCI wera weighed into a 1 00 mL volumetric flask. Approximately 80 mL of water 
for injectton was added to the flask to dissolve the phenol and the NaCI. The flask was filled to the n^ark with 
water for injection. Solution C57 contained phenol 22 mg/ml and NaCI 90 mg/mL in water for injection. 

so Aqueous Suspension 57 

2.4 mL of Solutton A57 was transfenred to a 3.5 mL vial. The solutton was stirred gently during additton of 
300 ^L of Solution B57. Precipitates were fomied immediately after the addition of the Solution B57. The pH 
was measured and found to be 7.1 . The sample was allowed to sit under ambtont conditions for 24 hours. 300 
55 ^L of Soluti nC57wasadd dwithg ntle stirring. Aqueous Susp nston 57 contained insulinotropin 4 mg/mL, 
zinc acetate dihydrat 0.78 nDg/imU phenol 2.2 mg/mL, and NaCI 9 mg/mL in wat rfor injectton. This suspensi n 
was used f r in viv phanmacokin tto studtos in rats. 
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EXAMPLE 29 

Solution A64 prepafation 

5 53.3 mg of insulin tropin was weigh d into a 30 mL glass vial. Aft r adding 11 mL of water for injection, 
th pH of the vial contents was adjusted to 8.3 using 5% NaOH (w/v) to dissolve th insulinotr pin. 1\\ pH 
was adjusted down to 6.0 using dilute HCI nnaking sure that the solution sti II remained dear. Appropriate amount 
of water for injection was added to make the drug concentration to be 4.4 mg/nnl. Solution A64 was filtered 
through a 0.22 ^ filter (low protein binding) into a 3.5 mL sample vial. 1 .8 mL of the filtered solution was trans- 

10 ferred to a separate sterile 3.5 mL vial, and the vial was allowed to sit at ambient temperature to crystallize for 
3 days. 

Solution B64 preparatfon 

15 780 mg of zinc acetate dihydrate was weighed Into a 50 mL volumetric flask. Approximately 40 mL of water 
for injection was added to the flask to dissolve the zinc acetate dihydrate. Hie flask was filled to the nnark with 
water for injection. Solution B64 contained zinc acetate dihydrate 15.6 mg/mL in water for injectk>n. 

Solution C64 preparatfon 

20 

18 g of NaCI was weighed into a 100 mL volumetric flask. Approximately 80 mL of water for injection was 
added to the flask to dissolve the NaCI. The flask was filled to the mark with water for injection. Solution C64 
contained NaC1 180 mg/mL in water for injectfon. 

25 Aqueous Suspension 84 

After crystallization was completed in Solution A64, 100 ^L of Solution B64 was added to 1 .8 mL of the 
crystal suspension was sfow stirring. The sample was then allowed to sit at ambient temperature for 3 days. 
100 fiL of Solution C64 was added to the crystal suspensfon with gentle stirring. The pH of the suspension 
30 was adjusted to pH 7.3 using dilute NaOH. 5.0 ^ of nr>-cresol was added directly to the pH adjusted crystal 
suspensfon. Aqueous Suspensfon 64 contained insulinotropin 4 nng/mL, zinc acetate dihydrate 0.78 mg/mL, 
NaCI 9 mg/mL, and nn-cresol 2.5 mg/mL in water for injectfon. This suspension was used for in vivo phanma- 
cokinetic studies in rats. 

35 EXAMPLE 30 

Solution A69 preparatfon 

1 g of NaCI was weighed into a 100 nriL volumetric flask. Approximately 80 mL of water for injection was 
40 added to the flask to dissolve the NaCI. The flask was f i lied to the nnark with water for injectfon. Solutfon A69 
conteined NaC1 1% (w/v) in water for injectfon. 

Solution B69 preparatfon 

45 390 nng of zinc acetate dihydrate was weighed into a 1 DO mL volumetric flask. Approximately 80 mL of water 
for injection was added to the flask to dissolve the zinc acetate dihydrate. The flask was filled to the mark with 
water for injection. Solution B69 contained zinc acetate dihydrate 3.9 mg/mL in water for injection. 

Emulsfon C69 preparation 

so 

2.5 mL of sterile filtered (0.22 \i low protein binding) nrvcresol was transferred to a 1 00 mL volumetric flask. 
The flask was filled with water for injectfon to the mark and sonicated to produce a homogenous suspension. 
Emulsfon C69 contained m-cresol 25 mg/mL in water for injectfon. 

55 Aqu ous Suspension 69 

35.74 mg of insulinotropin was w ighed into a 1 0 mL glass vial. 7 mL of S lutfon A69 was added. Th pH 
of th vial contents was adjusted to 9.2 to dissolve the drug. Th pH of the solution was re-adjusted to 6.5 
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using dilute HCI. Appropriate amount of water for injection was added to make the drug concentration to be 
4.4 mgAnl. Tli solution was filtered through a 0.22 f ilt r (low protein binding). Th solution was allowed to 
sit at ambi nt temperature for 6 days, during which Insulin tropin was crystallized. 1 .5 mL of th crystal sus- 
pension was transferred to a separat vial. 1 67 fiL of Solution B69 was add d with gentle stirring. The sample 
was allowed to sit at ambient temperature f r 1 day. 1 67 jiL of emulsion C69 was added to th sup rnatant of 
the settled suspension. Th sample was stirred to dissoh^e the m-cresol. Aque us Suspension 69 contained 
insulin tropin 3.6 mg/ml. zinc acetate 0.36 mgAnI, NaCI 8.17 mg/ml and m-cresol 2.28 mg/ml in water for in- 
jection. This suspension was used for in vivo phanmacokinetic studies in rats. 

EXAMPLE 31 

Solution A1 01 preparation 

1 0 g of sodium acetate was weighed into a 1 00 ml volumetric flask. Approximately 80 mL of water for in- 
jectfon was added to the flask to dissoh^e the sodium acetate. The flask was filled to the mark with water for 
Injectton. Solution A200 contained 100 mg/ml sodium acetate in water for injection. 

Aqueous Suspension 101 

44.4 mg of insulinotropin was weighed into a 1 0 ml glass vial. 8 nil of water for injectfon was added to the 
flask. The pH of the vial contents was adjusted to 9.3 to obtain a dear sdutton. 1 mL of Solutfon A200 was 
added to the Insulinotropin solutbn. The pH was then adjusted down to 6.5. The solution was filtered through 
a 0.22 n filter (low protein binding). The filtered solution was allowed to sit at ambient temperature for 3 days 
so that crystallization could occur. Aqueous Suspension 101 contained insulinotropin 4.9 mg/mL sodium acet- 
ate 11.1 mgAnL in water for injection. This suspension was used for in vivo pharmacokinetic study in rats. 

EXAMPLE 32 

Solution A82 preparation 

9 g of NaCI was weighed into a 100 mL volumetric flask. Approximately 80 mL of water for injection was 
added to the vial to dissolve the NaCI. The flask was filled to the mark with water for injectton. Solution A82 
contained NaCI 9% (w/v) in water for injectton. 

Solution B82 preparatton 

789 mg of zinc acetate dihydrate was weighed into a 1 00 mL volumetric flask. Approximately 80 mL of water 
for injectton was added to the vial to dissoh^e the zinc acetate dihydrate. The flask was filled to the mark with 
water for injectton. Solutton B82 contained zinc acetate dihydrate 7.89 mg/mL in water for injectton. 

Emulsfon C82 preparation 

2.5 mL of sterile filtered (0.22 ^ low protein binding) m-cresol was transferred to a 100 mL volumetric flask 
The flask was filled with water for injectton to the mark and sonteated to produce a homogenous suspension 
Emulston C82 contained nr>-crosol 25 mg/mL in water for injectton. 

Aqueous Suspension 82 

All solutions were filtered through 0.22 m filters (low protein binding). 45.34 mg of insulinotropin was added 
to a 10 ml vial to whfeh 8 ml of water was added. The pH was adjusted to 9.3 using 5% NaOH. After 1 ml of 
Solutton A82 was added to the vial, the pH of the solutton was adjusted down to 6.55 using dilute HO The 
solution (5 mg/mL insulinotropin) was filtered through a 0.22 ^ filter (low protein binding). 81 ^1 of Aqueous 
Suspension 101 (see example 31) was added to the sterile filtered insulinotropin solution and dispersed by 
shaking the sampte. The sample was then allowed to sit for 72 hours at ambient temperature to form a crystal 
suspensfon. 2.4 ml of the susp nsi n was transferred to a 3.5 ml vial. 300 ni of Solution B82 was added to the 
vial with g ntte stirring. Th pH fth vial cont nt was adjusted to 7.3 using dilute NaOH. 300 ^l of Emulsion 
C82 was added to th supernatant fth settled suspensi n. Aqueous Su pension 82 contained insulin tropin 
4 mgAnI, zinc acetate dihydrate 0.79 mg/mU nvcresol 2.5 mg/mL and 0.9% NaCI in water for injecti n. This 
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suspension was used for in vivo pharmacokinetic studies in rats. 
EXAMPLE 33 
5 GLP-1 (7-36) Amid (1 nf>g/ml) Susp nsion 
Solution A26 preparation 

Solution A26 was prepared by weighing 10 mg of GLP-1 (7-36) Amide into a 5 ml volumetric flask. Approx- . 
10 imately 3 ml of PBS was added to the flask to dtesolve the drug. The q.s. amount of PBS was added to the 
flask. Solution A26 was filtered through a 0.22 ^f liter into a 10 ml glass vial. Solutkm A26 contained GLP-1(7- 
36)2mg/mlin PBS. 

Solution B26 preparatfon 

15 

Solutk)n B26 was prepared by weighing 44 mg of phenol into a 10 ml volumetric flask. Approximately 8 
ml of PBS was added to the flask to dissoh/e the phenol. The q.s. amount of PBS was added to the flask. Sol- 
ution B26 was filtered through a 0.22 n filter into a 10 ml glass vial. Solution B26 contained phenol 4.4 mg/ml 
in PBS. 

20 

Aqueous Suspension 26 

1.5 ml of solution A26 was pipetted into a 3.5 ml type I glass vial. The contents of the vial were stin-ed 
magnetically while 1.5 ml of solution B26 was pipetted into the vial. The vial was stoppered and sealed with 
25 an aluminum shell. The vial contents were stirred gently (making sure no foam or bubble formed) for 18 hours 
to allow suspension fonmatk)n. Aqueous Suspensk)n 26 contained GLP-1 (7-36) Amide 1 mg/ml and phenol 2.2 
mg/ml in PBS. This suspenston was used for in vivo pharniacokinetic studies in rats. 

EXAMPLE 34 

30 

In one form of the inventk>n, a low solubility form of GLP-1 (7-37) is prepared l>y combining GLP-1 (7-37) 
at from 2-15 mg/iml in buffer at pH 7-8.5 with a solution of a metal ion salt to obtain solutions with from 1-8 
mg/ml GLP-1 (7-37) at molar ratios of about 1:1 to 270:1 zinc to GLP-1 (7-37). A heavy precipitate fomns and is 
let stand overnight at room temperature. The solubility of GLP-1 (7-37) in the metal ion solution varies with the 
35 metal employed. Subsequent measurement of the solu bil ity of the GLP-1 (7-37) pellet in a non metal-containing 
solvent such as PBS or water shows that zinc, cobalt and nickel ions produce low solubility forms of GLP-1 (7- 
37) 
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Table 1 



Ability of Various metal i n salts t pr duce low solubility GLP*1 (7-37) 



Metal ion salt 


Solubility in metal sol n 


Solubility in PBS 


Zn Acetate 


0.04 //g/ml 


0.04 //g/ml 


Zn Chloride 


0.04 //g/ml 


0.03 //g/ml 


Co Chloride 


0.11 //g/ml 


0.04 /yg/ml 


Nt Sulfate 


0.14 //g/ml 


0.07 //g/ml 


Mn Chloride 


0.23 //g/ml 


1 .64 //g/ml 


Mg Chloride 


1 .75 //g/ml 


no ppt. 


Ca Chloride 


1.98 //g/ml 


no ppt. 



Note: In each case, 1 00 //I of metal ion solution at 5 mM was added to 1 00 //I GLP-1 (7- 
37) at 5 mg/ml, mixed and allowed to stand overnight The insoluble pellet was 
removed by centrifugation. The concentration of GLP-1 (7-37) remaining In the metal 
Ion solution was measured. The pellet was resuspended in phosphate buffered saline 
(PBS), sonicated and allowed to stand overnight. Again insoluble material was pelleted 
and GLP-1 (7-37) concentration measured. 

EXAMPLE 35 

MicrDcrystalllnefonns of GLP-1 (7-37) can be obtained by mixing solutions of GLP-1(7-37) in buffer pH 7- 
8,5 with certain combinations of salts and low molecular weight polyethylene glycols (PEG). Table 2 describes 
six specific sets of conditions to produce microcrystailine forms of GLP-1(7-37). 



Table 2 

Selected Reagents Yielding Microcrystals 



Reaaent# 


Satt 


Buffer 


Precipitant 


1 


none 


none 


0.4MK,Na tartrate 


2 


0.2M Na citrate 


O.IMTrispH 8.5 


30% PEQ 400 


3 


0.2M MgQ, 


0.1 M HEPES pH 7.5 


28% PEG 400 


4 


0.2M MgClj 


0.1 M HEPK pH 7.5 


30% PEG 400 


5 


0.5 M KjHPO« 


none 


20% PEG 8000 


6 


none 


none 


30% PEQ 1500 



Note: GLP-1 (7-37) stock at 5 mg/ml in 50mM Tris pH 8.1 was added 1 :1 with 
reagent. Drops were viewed and scored for absence or presence of insoluble GLP-1 (7- 
37) in crystalline or amorphous fomn. In general low mw PEG's appear to favor 
crystalline forms. Tris is tris(hydroxymethyl)aminomethane and HEPES is N-2- 
(Hydroxyethyl)pipera2ine-N-2-elhanesulfonic add. 
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EXAMPLE 36 



Specif ic combinations of GLP-1{7-37) and PEG concentrations are required to btain microcrystalline 
forms and high yl Ids. Table 3 shows specific combinations of PEG 600 and GLP-1 (7-37) concentrations which 
produce microcrystalline as pposed to amorphous forms of th drug. Th yield of GLP-1 (7-37) in the Insoluble 
f rmis shown also. 



Tables 

Formation/yield of crystalline GLP-1(7-^7) 



GLP-1(7-37) 


15 
PEG 600 


22.5% 
PEG 600 


30% 
PEG 600 


2.0 mg/ml 
(FonWyield) 


amorphous/8% 


amorphous/I 0% 


amorphous/8% 


3.5 mg/ml 
(Form/yield) 


crystalline/62% 


crystalIinei/26% 


cry$tal)Ine/59% 


5.0 mg/ml 
(Form/yield) 


amorphous/34% 


crystalline/6d% 


crystalllne/72% 


6,5 mg/ml 
(Form/yield) 


amorphous/52% 


crystaltine/76% 


crystalline/82% 


8.0 mg/ml 
(Form/yield) 


amorphous/55 


crystalline/82% 


amorphous/66% 


9.5 mg/ml 
(Form/yield) 


amorphous/69% 


crystalline/85% 


amorphous/63% 



Note: Microcrystals of GLP-1(7-37) are prepared by combining solutions of 
GLP-1 (7-37) at 20 mg/ml In trls buffer at pH 8. 60% polyethylene glycol 600 (PEG 600) 
in H3O and tris buffer pH 8 to obtain a final concentrations of from 15-30% PEG and 
from 3-1 0 mg/ml GLP-1 . After standing overnight, microcrystals of GLP-1 (7-37) form in 
the solution with yields from 50-85%. 



EXAMPLE 37 



This experiment exemplifies another form of the invention which involves treating preformed microcrystals 
of GLP-1 (7-37) with various metal ions to produce low solubility microcrystalline forms. Microcrystals of GLP- 
1 (7-37) prepared at 8 mgMil GLP-1 (7-37) and 22.5% PEG as described in Example 22 have a solubility equh^- 
alent to pure tyophiltzed GLP-1(7-37). In order to impart the desired property of tow solubility for long-acting 
drug delivery, these preformed microcrystals can be treated with solutions of metal salts at ratios of metal:GLP- 
1(7-37) of from 1:1 to 260:1 overnight at room temp. TTie excess metal salt was removed by a centrifuga- 
tion/washing process. Table 4 shows the results with several divalent cation metal salts as treatment 
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Table 4 

S lublllty of GLP-I (7-37) Crystals with Various Treatm nts 



Additive 


GLP-1(7-37) 
(mg/ml) in 
treatment sol'n 


QU'-1(7-37) 
(mg/ml) in PBS 


GLP-1(7-37) 
(mg/ml) in 
PBS/EDTA 


None (PBS) 


1.2 


1.2 


ND 


Citrate pH 5.2 


0.15 


ND 


NO 


Zha, pH 5.2 


0.03 


0.03 


1.1 


ZhAc pH 5.2 


0.01 


0.02 


1.1 


ZnAc pH 6.5 


0.06 


0.02 


0.92 


MgSO^ pH 5.2 


0.50 


0.55 


ND 


NiSO^ pH 5.2 


0.10 


0.04 


0.45 


MnClj pH 5.2 


0.10 


0.10 


ND 


CaClj pH 5.2 


0.40 


0.27 


ND 



Note : GLP-1 (7-37) crystals are grown from a solution of 8 mg/ml 1ST In 50 mM Tris pH 
8 with 22.5% PEG 600 added in HJO. All additive treatment solutions are 100 mM 
divalent ion salt in 10 mM Na citrate pH 5.2 or Na MES pl^ 6.5. 



EXAMPLE 38 

Using the methods described herein, both amorphous and micnocrystalline low solubility formulations were 
prepared using zinc acetate. Subcutaneous injections were made in rats (three animals per formulation) and 
plasma levels of GLP-1(7-37) were measured by radioimmune assay over 24 hours. Figure 8 shows the ex- 
tended duration of the drug in plasma compared to a subcutaneous control injection of soluble GLP-1 (7-37). 

EXAMPLE 39 

45% w/v Polyethylene Glycol 3350 (PEG) 

1 mg/ml Insulinotropin 

20 mM Phosphate Buffer 

qs Sterile Water for Injection (SWFI) 
A 50% w/w PEG solution was prepared using SWFI. A 200 mM phosphate buffer was separately prepared 
with anhydrous sodium phosphate dibasic (26.85 mg/ml) and sodium phosphate nrwnobasic monohydrate (1 .41 
mg/ml). If necessary, the pH of the buffer solution was brought to pH 8 with either sodium hydroxide or hydro- 
chloric acid. The appropriate amount of insulinotropin was dissolved in enough of the buffer solution to make 
a 10 mg/ml solution of insulinotropin. The appropriate weight of the PEG solution was added to the insulino- 
tropin solution, and a sufficient quantity of SWFI was used to bring the solution to the desired volume. The 
final solution was then sterile filtered with 0.2 ^ filter and aseptically filled into vials. The solution (0.5 ml) was 
injected subcutaneously in rats, and plasma Insulinotropin levels followed by RIA assay. 

EXAMPLE 40 

1 .32% w^ Hydroxy thyl Cellulose (HEC) 
1 mg/ml Insulinotropin 
20 mM Phosphate Buffer 
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1 00 mM Sodium Chloride 
qsSteril Water For Injection (SWFI) 
A2%w/whydrox thy) cdlulose solution was prepared using SWFI. A 200 mM phosphate buffer was s p- 
arately prepared with anhydrous sodium phosphate dibasic (26.85 mgAnt) and sodium phosphate monobasic 
5 m nohydrat (1.41 mg/ml). If necessary, th pH of the buff rsolution was brought to pH 8 with rther sodium 
hydroxide r hydrochloric acid. Th appropriate amount of insulinotropin and sodium chlohde wer diss WeA 
in enough of the buffer solution to make a 10 nng/ml solution of Insulinotropin. Tlie appropriate weight of the 
HEC solution was added to the insulinotropin solution, and a sufficient quantity of SWFI was used to bring the 
solution to the desired volume. The final solution was then sterile filtered with a 0.2 ^ filter and aseptically 
10 filled into vials. The solution (0.5 ml) was injected subcutaneously in rats, and plasma insulinotropin followed 
by RIA assay. 

EXAMPLE 41 

15 1 8% w/v Pluronic F1 27 

1 mg/ml Insulinotropin 
20 mM Phosphate Buffer 
qs Sterile Water For Injection (SWFI) 
A 20% W/W Pluronic F127 solution was prepared using SWFI. A Pdytron (probe homogenrzer) with an 
20 ice bath was used to dissolve the polymer. A200 mM phosphate buffer was separately prepared with anhydrous 
sodium phosphate dibasic (26.85 mg/ml) and sodium phosphate monobasic nrwnohydrate (1 .41 mg/ml). If nec- 
essary, the pH of the buffer solution was brought to pH 8 with either sodium hydroxide or hydrochloric acid. 
The appropriate anrtount of insulinotropin was dissolve in enough of the buffer solution to make a 10 nrtg/ml 
solution of insulinotropin. The appropriate weight of the Ruronic solution was added to the insulinotropin sd- 
25 utk>n, and a suff k:ient quantity of SWFI was used to bring the solution to the desired volume. The final solution 
was then sterile filtered with a 0.2 \im filter and aseptically filled into vials. The solutnn (0.5 ml) was injected 
subcutaneously in rats, and plasma insulinotropin levels followed by RIA assay. 

EXAMPLE 42 

30 

Peanut Oil Suspensk)n (Ball Milled) 
1 mg/ml Insulinotropin 
1%Tween80 

Tween 80 was added at 1% level to peanut oil. This solution was sterile filtered with a 0.2 ^m filter. Solid 
35 insulinotropin was then suspended in the oil. The particle size was reduced by ball milling with a Szesvari At- 
tritor at 40 RPM for 18 hours (cold water jacket). This suspensk>n was then filled into vials. The suspenston 
(0.5 ml) was injected subcutaneously in rats, and plasma insulinotropin levels fdbwed by RIA assay. 

EXAMPLE 43 

40 

22.6% w/v Dextran 

1 mg/ml Insulinotropin 

20 mM Phosphate Buffer 

qs Sterile Water for Injection 
45 A 50% w/w Oextran solution was prepared using SWFI. A 200 mM phosphate buffer was separately pre- 
pared with anhydrous sodium phosphate dibasic (26.85 mg/ml) and sodium phosphate monobasic monohy- 
drate (1 .41 n^/ml). If necessary, the pH of the buffer solution was brought to pH 8 with either sodium hydroxide 
or hydrochloric ackJ. The appropriate amount of insulinotropin was dissolved in enough of the buffer solution 
to make 5.0 ntg/ml solution of insulinotropin. The appropriate weight of the dextran solutk)n was added to the 
so insulinotropin solution, and a suff ksient quantity of SWFI was used to bring the solutton to the desired volume. 
The final solutbn was then sterile filtered with 0.2 ^m filter and aseptically filled into vials. The solutton (0.5 
ml) was injected subcuteneously into rats, and plasma insulinotropin levels were followed by RIA assay. 

EXAMPLE 44 

55 

Insulinotropin was crystallized from th mixture fph sphate buffered salin (PBS), than l,andm-cres I. 
A homoQ neous insulin tropin slurry (10 mg/ml) was mad with PBS in a glass vial, and a large v lume of 
thanol (9 times as much as th slurry) was added to the vial whil the vial content was stirred magn tk^ly. 
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Very fine amorphous particles of insulinotropin formed. m-Cresol was added to the vial so that the resulting 
nrvcresol concentration was 1% (v/v). Th vial was capped to prevent solv nt from vaporating. The crystal- 
lizatl n mixture was st red at room temperature for a coup) of days. Needle shape crystallin plates grew 
from the annorphous particles. The lengths of the crystals are betw en 50 and 200 ^m, and widths between 
5 2 and 4 ^m. 

EXAMPLE 45 

Insulinotropin (1 to 4 mg/mL) was dissolved in 1% sodium sulfate (or sodium acetate, or sodium chloride, 
10 or ammonium sulfate) solution at higher pH values than 8, and the pH of the solution was lowered down to 6.0 
to 7.5 with d-HG. The dear solution was allowed to sit at ambient temperature. After a couple of days, needle 
or plate shape crystals were obtained depending on the crystallization conditions. 

EXAMPLE 46 

15 

GLP-1(7-37) was dissolved in 50 mM glycine buffer containing 0.1 to 0.2 M NaCI at pH 8.5-9.5 at from 1 
to 5 mg/ml. A solution of zinc salt (acetate or chloride) was added to obtain a molar ratio of from 0.5:1 to 1 .5:1 
zinciGLP- 1(7-37). Crystals of GLP-1(7-37) grew overnight at room temperature with yields from 70 to 97%. 

20 EXAMPLE 47 

GLP- 1(7-37) crystals can be grown by vapor diffusion using the peptide dtesolved in 100 mM Tris at pH 
8-9.5 at from 10-20 mgMil. The peptide solution is mixed 1:1 with the same buffer containing from 0.5 to 2.5 
M NaCI then equilibrated in a sealed system against the full strength buffer (i.e. Tris with 0.5-2.5 M NaCI). 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Kim, Yesook 

Lambert^ William J. 
Qif Hong 

Gel f and, Robert A« 
Geoghegan, Kieran P» 
Danley, Dennis E. 

(ii) TITLE OP INVENTION: Prolonged Delivery of Peptides 

(iii) NUMBER OF SEQUENCES: 7 

(iv) CORRESPONDENCE ADDRESS; 

(A) ADDRESSEE: Pfizer Inc 

(B) STREET: 235 Bast 42nd Street, 20th Floor 

(C) CITY: New York 

(D) STATE: New York 
(B) COUNTRY: U.S.A. 
(P) ZIP: 10017-5755 

(V) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release /l.O, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Sheyka, Robert F, 

(B) REGISTRATION NUMBER: 31,304 

(C) REFERENCE/DOCKET NimBER: PC8391 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212)573-1189 

(B) TELEFAX: (212)573-1939 

(C) TELEX: N/A 

(2) INFORMATION FOR SEQ ID N0:1: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 
(V) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: N/A 

(B) STRAIN: N/A 

(C) INDIVIDUAL ISOLATE: N/A 

(E) HAPLOTYPE: N/A 
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10 



15 



20 



25 



30 



45 



50 



(H) CELL LINE: N/A 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: M/A 

(B) CLONE: N/A 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITION: N/A 

(C) UNITS: N/A 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Hifl Asp Glu Phe Glu Arc Hie Ala Glu Gly Thr Phe Thr Ser Aap Val 
15 10 15 

Ser Ser Tyr Leu Glu Gly Gin Ala Ala Lys Glu Phe He Ala Trp Leu 
20 25 30 

Val Lys Gly Arg Gly 
35 

(2) INFORMATION FOR SEQ ID HO: 2: 

{L) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(V) FRAGMENT TYPE: N-terminal 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: N/A 

(B) STRAIN: N/A 

35 (C) INDIVIDUAL ISOLATE: N/A 

(E) HAPLOTYPE: N/A 
(H) CELL LINE: N/A 

<vii) IMMEDIATE SOURCE: 
(A) LIBRARY: N/A 
40 (B) CLONE: N/A 

(Viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITION: N/A 

(C) UNITS: N/A 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lys Glu Phe He Ala Trp Leu Val Lys Gly Arg Gly 
20 25 30 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 amino acids 
5 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
10 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(V) FRAGMENT TYPE: N-terminal 

15 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: N/A 

(B) STRAIN: N/A 

(C) INDIVIDUAL ISOLATE: N/A 

(E) HAPLOTYPE: N/A 
(H) CELL LINE: N/A 



20 



25 



30 



35 



40 



45 



(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: N/A 

(B) CLONE: N/A 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITIONS N/A 

(C) UNITS: N/A 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Set Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lys Gly Arg 
20 25 30 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE: N-terminal 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: N/A 

(B) STRAIN: N/A 

SO (C) INDIVIDUAL ISOLATE: N/A 

(E) HAPLOTYPE: N/A 
(H) CELL LINE: N/A 
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(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: H/A 

(B) CLONE: N/A 

^ (viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: K/A 

(B) MAP POSITION: N/A 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

10 His jiia GIu Gly Thr Phe Thr Ser Asp Val Ser Set Tyr Leu Glu Gly 

15 10 15 

Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lye Gly 
20 25 

15 (2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

25 (iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: N/A 
30 (B) STRAIN: N/A 

(C) INDIVIDUAL ISOLATE: N/A 
(E) HAPLOTYPE: N/A 
(H) CELL LINE: N/A 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: N/A 

(B) CLONE: N/A 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITION: N/A 



40 



45 



SO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 J 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lys Glu Phe lie Ala Trp Leu Val Lys 
20 25 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: peptide 
(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSES NO 
(V) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE; 

(A) ORGANISM: N/A 

(B) STRAIN: N/A 

(C) INDIVIDUAL ISOLATE: N/A 
(E) HAPLOTYPEi N/A 

(H) CELL LINE: N/A 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: N/A 

(B) CLONE: N/A 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITION: N/A 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

HiB Asp Glu Phe Glu Arg His Ala Glu Gly Thr Phe Thr Ser Asp Val 

Ser Ser Tyr Leu Glu Gly Gin Ala Ala Lya Glu Phe He Ala Trp Leu 
20 25 30 

Val Lys Gly Arg 
35 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(V) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE: 

<A) ORGANISM: N/A 

(B) STRAIN: N/A 

(C) INDIVIDUAL ISOLATE: H/A 
(E) HAPLOTYPE: N/A 

(H) CELL LINE: N/A 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: N/A 

(B) CLONE: N/A 
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(viii) POSITION IN GENOME: 

(A) CHROMOSOME/SEGMENT: N/A 

(B) MAP POSITION; N/A 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly 
15 10 15 

Gin Ala Ala Lye Glu Phe He Ala Trp Leu Val 
20 25 



Claims 

1 . A method for the treatment of non-insulin dependent diat>etes meliitus in a mammal in need of such treat- 
ment comprising the repeated administration over an extended period of time of a compound with pro- 
longed action after each administration, said prolonged action necessary to achieve sustained glycemic 
control in mammals, said compound selected from the group consisting of: 

(a) a peptide having the amino acid sequence: 

His-Ala-Glu-Gly-Th^-Phe-Th^-Ser-Asp-Va^3er-SGr-TV^4Jeu•<S^ 
Glu-Phe-llB-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino acid sequence: 

HIs-Ala-au-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-a 
Glu-Phe-lle-Ala-Trp-Leu-Va|.X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 
{A)Lys. 

(B) Lys-Gly. and 

(C) Lys^Gly-Afg; 

(c) a derivative of a polypeptide comprising the primary structure 

HjN-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-Hls-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp.VaI-Ser-Ser-^^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Giy-Arg-Gly 
(SEQUENCE ID NO: 1)and 

Hts-Asp-GIu-Phe-GlunArg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-VaJ-Ser-Ser-Tyir- 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed In a mammal results in a polypeptide derivative having an insulinotropic ac- 
tivity; 

(d) a derivative of a polypeptid comprising th primary structure 

H2N-R-COOH 

wh rein R is an amin acid sequence selected from the group consisting of 
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His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-VaJ-Ser-^erTyr-Leu-Glu-GI^^^ 
Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

His-Ala-Glu^y-Thr-Phe-Thr-Ser.Asp-Va»^-Ser-Tyr4j^^ 
GIu-Phe^le^Trp4^-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
^^is^Ala-Gll^Gly-Thr■Phe-Thr-S^-Asp-Va^Ser^cr-^^ 
Glu-Phe-lle^a-Trp-Uu-VaKLys-Gly; (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gty-Thr-Phe-Thr-Ser-Asp-Val^-Ser-T^ 
Gij.Phe-Ile-Ala-Trp4^u-VaI-Lys; (SEQUENCE ID NO: 5) 

and 

(e) a derivative of said peptides (a) through (d) wherein said derivative is selected from the group con- 
sisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyi ester of sakj peptides; and 

(5) a pharmaceuticalty acceptable amide of said peptkles wherein said pharmaceutically acceptable 
amide is selected from the group constetlng of amide, lower alky! amide and lower dialkyi amide; 
said administration being subcutaneous, intramuscular, transdermal, by an infusion pump, by oral 
inhalatk>n, by nasal inhalation, or gastrointestinal. 

A composition of nDatter comprising; 
(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acid sequence: 

His-Ala-au^y-Thr-Ph^Thr-Ser^Val^-Ser-Tyr4jB^ 
Glu-Ph0^le^a-Trp-Leu-Val^ys^nArg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino ackJ sequence: 

His-AlaGlu-Gly-Thr-Phe-Thr-SernAsp-VaJ^-Ser-Tyr^j^ 
Glu-Pho-lle-AIa-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X b selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly. 
{C)Lys.Gly-Arg; 

(c) a derivative of a polypeptkJe comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 



47 



EP 0619 322 A2 



His-Asp-Glu-Phe-Glu-Arg-Hls-Ala^lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-^^ 

L u-Glu-Gly-Gln-Ala-Ala-Lys-G!u-Phe-lle-Ala-Trp-Leu-Val-Lys.Gly.Arg-Gly 

(SEQUENCE ID NO: 1)and 

His-Asp-Glu-Phe-Glu-Arg*His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-VaI-Ser-Ser^^^ 
Leu-GIu-Qly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivatrve having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprteing the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-TyrrLBU-Glu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr4jeu-au-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3) 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-Ser-Tyr4jeu-au^V 
Giu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gly.Thr-Phe-Thr-Ser-Asp-VaI-Ser-SerTyr4£U-au-^^ 
Glu-Phe-lle-AIa-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 5) 

a derivative of said peptides (a) through (d) wherein said derivath^e is selected from the group con- 
sisting of: 

(1) a phannaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptatHe cartwxylate salt of said peptides; 

(3) a pharmaceutically 8cceptat)le alkali addition salt of said peptides; 

(4) a phanmaceutically acceptat)le lower allcyl ester of said peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically accept- 
able amide is selected from the group consisting of amide, lower alkyi amkJe and lower dialkyi 
amide, and 

(iQ a polymer capable of prolonging the action of said compound to achieve sustained glycemic con- 
trol, said polymer selected from the group consisting of polyethylene glycol, polyvinylpyrroljdone. 
polyvinylalcohol, polyoxyethylenepolyoxypropylenecopolynoers, polysaccharides selected from the 
group consisting of cellulose, cellulose derivatives, chitosan, acacia gum, karaya gum, guar gum, 
xanthan gum, tragacanth, alginic add, carrageenan, agarose, and f urcellarans, dextran, starch, 
starch derivatives, hyaluronic ackJ, polyesters, polyamkies. polyanhydrides. and polyortho esters. 

A composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acM sequence: 

Hls-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr4j^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having th amino acid sequ nee: 
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His-Ala-Glu-Gly-Thr-Phe-Thr-SerTAsp-Val-Ser-Ser-Tyr-Leu-Glu-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly, and 

(C) Lys-Giy-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-GIy-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr^ 
Leu-Glu-Gly-Gln-Ala-AIa-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-ThrJ^he-Thr-Ser-Asp-Val-Ser-^ 

Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide oomprsing the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selects from the group consisting of 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-AsphVal-Ser-Ser-Tyr^jeu-au-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 
His-Ala-au-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu^SI^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 

His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-AspA/a)^^4'yr-Leu^ 
Glu-Phe-lleAla-Trp-Leu-Val-Lys-GIy; (SEQUENCE ID NO: 4) and 
His-AIa-Glu-Gly-Thr-Phe-Thr-SerT^p-Val-Ser-Ser-Tyrl^^ 
Glu-Phe-lle^a-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 5) 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptat)le cart)oxytate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable tower alky! ester of said peptides; and 

(5) a pharmaceutically acceptable amkle of said peptides wherein said pharmaceutically accept- 
abl amid is selected from th group consisting of amkje, lower alkyl amkJ and I war dialkyi 
amide, and 

(ii) a pharmaceutically acceptable water-immisdbl oil suspenston capabi ofprol nging action of 
said compound to achieve sustained glycemic control; said oil selected from th group consisting 
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of peanut oil, sesame oil, almond oil, castor il, camellia oil, cotton seed oil, olive oil, corn oil, soy 
oil, saff lower oil, coconut il, esters of fatty acids, and esters of fetty alcohols. 

A composition according to daim 3 further comprising a wetting agent, wherein said w tting agent is a 
n nionic surfactant and said composition also containing a suspending ag nt 

A composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acid sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu-Glu-Gly-GI^ 
Glu-Phe-lle-Ala-Trp-Uu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino acid sequence: 

His-Ala-Glu-Gly-7hr-Phe-Thr-Ser^p.Val-Ser-Ser-Tyr4.fi^ 
Glu-Phe-llenAla-Trp-Leu-Val-X (SEQUENCE ID NO: 7] 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly, and 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino add sequence selected from the group consisting of 

Hls-Asp-GIu-Phe-Glu-Arg-His-AIa-Gu-Gly-Thr-Phe-Thr-Ser^p-Va»-Ser-^er-T^^ 
Leu-GIu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

Hls-Asp-Glu-Ph6-Glu^rg-H]s-Ala-Gu-Gly-Thr4^he-T}ir-Ser-Asp-Val-Ser^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-(X>0H 

wherein R is an amino add sequence selected from the group consisting of 
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Hls-Ala-Glu-Gly-Thr-Phe-Thr-Ser-As|>Val^-Ser-Tyr4jBU-Glu-<^ 
Glu-Phe-lle-AlarTrp-Leu-Val-Lys-ay^g-Gly (SEQUENCE ID NO: 2) 
HisTMa-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-au-G^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3) 
His-Ala-Glu-GlyThr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu<3Iu^ 
Giu-Phe-ilfr-Ala-Trp-Leu-Vai-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Giu-Gy-Thr4»he-Thr-Ser-Asp-Val-Ser-Ser-Tyr^-Gu-Gly^^ 
Glu-Phe.|le-AIa-Tfp-ljeu-Va|.Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptat)le acid addition salt of said peptides; 

(2) a phanmaceutically acceptable cart>oxylate salt of said peptides; 

(3) a pharmaceutically acceptat)le alkali addition salt of said peptides; 

(4) a phannaceutlcally acceptable lower alky! ester of said peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically accept- 
able amide is selected from the group consisting of amkJe, lower alkyi amkJe and lower dialkyi 
amide, and 

(ii) zinc (II), which is complexed with the peptide, said composition capable of achieving sustained 
glycemic control and In a fbmi which is amorphous, crystalline, or an aqueous suspension. 

A composition of matter comprising; 
(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acki sequence: 

His-Ala-Glu-GIy-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-LB^ 
Glu-Phe-lle^aTrp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino ackl sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-lj^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val^X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly, and 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 
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His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Vd-Ser-Ser-Ty^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Vai-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-HiS"Ala-Glu-GlyThr-Phe-Thr-Ser-Asp-Val-Ser-Ser^^ 
Leu-Glu-Gly-GIn-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6 

which derivative when processed in a manrvnal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-GIu-Qly-Thr-Phe-Thr-Ser-Asp-Vd-Ser-SerTyr4jeu-Glu^^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2) 
His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu-Glu-^^ 
Glu-Phe-lle-Ala-Trp-Ljeu-Val-Lys-Gly.Arg (SEQUENCE ID NO: 3) 

Hls-Ala-Glu-ay-Thr-Phe-Thr-SerV\sp-Val-S€r-Ser-Tyr4^u^ 
Qlu-PheJIe-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-S^-Tyr-Leu-^^ 
au-PhdJIe^a-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a phanmaceutically acceptat)le acid additbn salt of said peptides; 

(2) a phanmaceutically acceptat>le cartx»cylatB salt of said peptides; 

(3) a phanmaceutically acceptable alkali addition salt of said peptides; 

(4) a phanmaceutically acceptat>le tower alkyl ester of said peptides; and 

(5) a phanmaceutically acceptable amide of said peptides wherein said phanmaceutically accept- 
able amide is selected from the group consisting of amide, lower alkyl amkie and lower dialkyl 
amide, and 

(iO a meta\ selected from the group consisting of Ni (II). Co (II), Mg (II), Ca (II), K (I), Mn (II). Fe(ll), 
and Cu(ll). said composition capable of achieving sustained glycemic control. 

A composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acid sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-AspA/a!-Ser-Ser-Tyr^jeu-G!u-GI^^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino acid sequence: 
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His-Ala-Glu-Gly-Thr-PhG-Thr-SerVtep-Val-Ser-Ser-TyrrLBU-au-^ 
GIu-PheJIe-Ala-Trp-Uu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly, and 

(C) Lys-GI>^Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lie-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-AIa-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which denvatfve when processed in a mammal results in a polypeptide derivative having an Insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R Is an amino acid sequence selected from the group consisting of 

His-Ala-Glu-Gly-TTir-Phe-Thr-Ser-AspA/al-Ser-Ser-Tyr^jeu-(3^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly- (SEQUENCE ID NO: 2) 
Hls-Ala-<3Iu-Gly-Thr-Phe-Thr-Ser-AspTVal-5er-SerTyr4jeu-ai^^ 
GIu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser7tep-Val-Ser-SerTyr4jeu-Glu-^^ 
Glu-Phe-Hfr-Ala-Trp-Leu-Val-Lys-Gly: (SEQUENCE ID NO: 4) and 
His-Ala-GlL^GIy-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu-Glu-GI^^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 5) 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptable acid addition salt of said peptides; 

(2) a pharmaceutically acceptat)le cartwxylate salt of said peptides; 

(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyl ester of said peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically accept- 
able amide is selected from the group consisting of amide, lower alkyl amide and lower dialkyi 
amide, and 

(ii) a basic polypeptide, wh rein said compositi n is an aqueous suspension capable of sustained 
glycemic control. 

A composition of matter comprising; 
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(0 a compound selected from the group consisting 

(a) a peptide having the amino acid sequence: 

His^a-eau-Gly-Thr-Phe-Thr-S rV\sp-Val-Ser-SerTyr-Leu-GIu-<3y-<3In-AIa^Lys- 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino add sequence: 

Hls-AIa-Glu-Gly-Thr-Ph&^Thr-SerV\spA/al-Ser-SerTyr4.eu-au^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of 

(A) Lys. 

(B) Lys-Gly. 

(C) Lys-Gly-Arg: 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-A8p-Glu-Phe-G!u-Arg-His-Ala-Glu.Gly.Thr-Phe-Thr-Ser^p.Val-Ser-Ser-Tyr- 

Leu-Glu-Gly-QIn-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

HIs-Asp-Glu-Phe-GIUnArg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr- 

Lfiu<3lu-Gly^rWUa-Ala-Lys^iu-PheJle^a-Trp-LBU-Val-Lys^y.Arg (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino add sequence selected from the group consisting of 

His-Ala-Glu-Gly-Thr^'he.Thr-Ser.^p.Val^^erTyr-Leu^u^^rv.Ala.Ala^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

His-Ala-Glu-Gly-Thr-Phe-TTir-Ser^p-VaI-Ser-SerTyr-Leu-au-Gly^n^»-Ala4.^ 
Qlu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3); 

His-Ala-Glu-Qly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu-au^iy-GlfvAla-Alal.ys- 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys.Gly (SEQUENCE ID NO: 4); and 

Hls-AIa-Glu-Gly-Thr-Phe-7hr-Ser^p.Val-Ser-Ser-Tyr-Leu-au-G!y-an-Ala-Ala4.ys- 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivativ f said peptides (a) through (d) wherein said d rivative is select d from the qrouo 
consisting oft 

(1) a phannaceutically acceptaW add addition salt f said peptides; 

(2) a phanmaceutically acceptable carboxylat salt of said peptid s; 
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(3) a pharmaceutically acceptable alkali addition salt of said peptides; 

(4) a pharmaceutically acceptabi lower alkyi ester of said peptides; and 

(5) a phanmaceutically acceptabi amkje of said peptid s wherein said pharmaceutically accept- 
able amid is selected from the group consisting of amkJe, lower alkyI amMe and lower dialkyi 
amid ,and 

(ii) a phenolic compound, wherein said compositi n is an aqueous suspensi ncapabl of sustained 
gtycemic control, said phenolte compound selected from the group consisting of phenol, cresol. re- 
sorcinol. and methyl paraben. 

A composition of matter comprising; 
(i) a compound selected from the group consisting of: 

(a) a peptide having the amino acid sequence: 

H^s-AIa-GIu-Gly-Thr-Phe-Th^-Ser^p-Va^Ser-SGr-Tyr-Leu-Glu-Gly-Ca^^ 
GIu-Phe-lle-Ala-Trp^Leu-Val-Lys-Gly-Arg-Gly {SEQUENCE ID NO: 2); 

(b) a peptide having the amino acid sequence: 

His-AIa-Glu-GIy-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Leu^lu-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly. 

(C) Lys-Gly-Arg; 

(c) a derivative of a polypeptkle comprising the primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-SGr-Ser^^^^ 

Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-IIe-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-Hls-Ala-au-Gly-Thr-PhG-Thr-Ser-Asp-Val-Ser-Ser-T^^ 
Leu^lu<3V-<3In-Ala-Ala-Lys43lLKPhe^le^a-Tjp-^^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-GOOH 

wherein R is an amino acid sequence selected from the group consisting of 
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His-Ala-<3lu-Gly-Thr-Phe-Thr-Ser-As|>-Val-Ser-Ser-Tyr4jeu^ 
Glu-Phe-llfr-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 
His-Ala-Glu-Gly-Thr-Phe-Thr•Ser-AspA^a^Se^-Scr4^yr^Je^ 
Glu-Phe-lle-Ala-Trp-Uu-Val-Lys-Gly-Arg (SEQUENCE ID NO: 3); 
His-A!a"<31u<31y-Thr-Phe-Thr-Ser-AspA/aJ-Ser-Ser-T^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-GIy (SEQUENCE ID NO: 4); and 
His-Ala-<31u-GIy-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-ljeu<3^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 5); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of. 

(1) a phannaceutically acceptat)le acid addition salt of said peptides; 

(2) a pharmaceutically acceptable cart>oxylate salt of said peptides; 

(3) a phannaceutically aGceptat)le alkali addition salt of said peptides; 

(4) a pharmaceutically acceptable lower alkyi ester of said peptides; and 

(5) a pharmaceutically acceptable amide of said peptides wherein said pharmaceutically accept- 
able amide is selected from the group consisting of amkJe, lower alkyI amkte and lower dialkyi 
amide, and 

Cii) a bask: polypeptide and a phenolic compound, wherein such composition is an aqueous sus- 
pensbn capable of sustained glycemk: control. 

1 0. A composition of matter comprising; 

(i) a compound selected from the group consisting of: 

(a) a peptide having the amino ackj sequence: 

His-Ala-Glu-ay-Thr-Phe-Thr-Ser-Asp-VaI-Ser-SerTyr4jeu^u-Gy-^ 
Qlu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Qly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino ackj sequence: 

His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser'^er-Tyr-ljeu 
Glu-Phe-lie-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X is selected from the group consisting of: 

(A) Lys, 

(B) Lys-Gly. and 

(C) Lys-Gly-AfTg; 

(c) a derivative of a polypeptkJe comprising the primary structure 

HjN-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 
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Hls-Asp-Glu-Phe^lu-Arg-His-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Vd^^^^^ 

Leu-Glu-Gly.Gln-Ala.Ala-Lys-Glu-Phe.ne-Ala.Trp.Leu-Val-Lys-GIy.Arg-G|y 
(SEQUENCE ID NO: 1) and 

His-Asp-GIu^e^lu^g-His-Ala-Glu-ay-Thr-Phe-Thr-Ser-Asp-V^^^^^ 

Leu-Glu-Gly-GIn.Ala-Ala-Lys-Glu-Phe.|le.Ala-Trp.Leu.Va|.Lys.Gly.Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

HjN-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

HIs-Ala-Glu-Gly-Thr-Phe-Thr-Ser^p-Val-Ser-SerTyr-l^-Qu-G,^ 
Glu-Phe-lie-Ala-Trp-Uu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO- 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-VaNSer-SerTyr-l^^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
His-Ala-Glu-Gly-Thr-Phe-7hr-Se^V^sp-VaI-Ser-SerTyr-Leu^^^^^^ 
Glu-Phe^le-Ala-Trp-Leu-Val-Lys-Gly; (SEQUENCE ID NO: 4) and 
HIs-Ala-Glu-Gly-Thr-Phe-Thr-SerVVsp-Val^-Ser-Tyr-^^^^ 
Glu-Phe-lle^a-Trp-Leu-Val-Lys; (SEQUENCE ID NO: 6) 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the qroup 
consisting of: 

(1) a pharmaceutically acceptat)le acid addition salt of said peptides; 

(2) a pharmaceutically acceptable carlwxylate salt of said peptides; 

(3) a pharmaceutically acceptal>le alkali addition salt of said peptides; 

(4) a pharmaceutically acceptal)le lower alkyi ester of said peptktes; and 

(5) a pharmaceutically acceptat>le amkJe of said peptides wherein said pharmaceutteally accept- 
ab»e amide is selected from the group consisting of amkle, kvwer dkyt amUe and tower dialkyi 
amide, and ' 

(iO a basic pdypeptMe, a phendk: compound, and a metal ton wherein said compositton is an aqu- 
eous suspenston capable of sustained glycemic control. 

A composition of matter comprising; 
(0 a compound selected from the group consisting ot. 

(a) a peptide having the amino acid sequence: 

Hls-Ala-Glu-Gly-Thr-Phe.Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glij-Gy.Gln^a^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-ay-Arg-Gly (SEQUENCE ID NO: 2); 

(b) a peptide having the amino add sequence: 

His-Ala-Giu-Gly-Thr-Phe-Thr-Ser-Asp-Vai-Ser-Ser-Tyr-Leu-G!u-Gly-<3I^^ 
Glu-Phe-lle-AIa-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 
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wherein X is selected from the group consisting of; 
{A)Lys. 

(B) Lys-GIy, 

(C) Lys-Gly-Arg; 

(c) a derivatfv of a polypeptide comprising th primary structure 

H2N-W-COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-Gau-Arg-His-Ala-Glu-GIy-Thr-Phe-Thr-Ser-Asp-Val-^ 
Leu-Giu-Gly-Gln-Ala-Aia-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Glu-Arg-His-AIa-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-^^ 
lJeu-au-Gly.GlnVUa^a4-ys-au-Phe-l^e-Ala-Trp-Leu-Va^^ (SEQUENCE 
ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

H[s.Ala-Glu-Gly.Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr4£U-<^^ 
Giu-Phe-lle-Ala-Trp-Leu-Vai-Lys-Gly-Arg-Gly (SEQUENCE ID NO: 2); 

His-Ala-<au-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu<^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys.GIynArg (SEQUENCE ID NO: 3); 
His-Ala-<3lu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-|j^^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly (SEQUENCE ID NO: 4); and 
HiSTAIa-Glu-Gly-Thr4>he-Tbr-Ser-Asp-Val-Ser-Ser-Ty^ 
Glu-Phe-lie-Ala-Trp-Leu-Val-Lys (SEQUENCE ID NO: 6); 

and 

a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceutically acceptat)le add addition salt of said peptides; 

(2) a pharmaceutically acceptable carboxylate salt of said peptides; 

(3) a pharmaceutically acceptat)le alkali addition salt of said peptides; 

(4) a pharmaceutically acceptatHe lower alkyi ester of said peptides; and 

(5) a pharmaceutically acceptable amkfe of said peptides wherein said phannaceutically accept- 
able amide is selected from the group consisting of amkie, lower alkyI amide and lower dialkyi 
amide, and 

(ii) said peptides and derivatives thereof having being subjected to conditions resulting in atmr- 
phous or crystalline material formation; wherein said conditions are high shear, exposure to salts; 
or combinatbns thereof. 

1 2. A composifion according to claim 1 1 wherein said salt is seized from the group consisting of amnvonium 
ulfate, sodium sulfate, lithium sulfate, lithium chloride, sodium citrate, ammonium citrate, sodium phos- 
phat . potassium phosphat , sodium chloride, potassium chl ride, amnwnium chl ride, sodium acetate. 
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ammonium acetate, magnesium sulfate, calcium chlorid , ammonium nitrate, and sodium UjmsAe; and 
combinations thereof. 

A composition of matter comprising; 
(i) a compound selected from the group consisting t 

(a) a peptid having the amino acid sequence: 

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser^-Tyr-Leu-Qu^ly-Gl 
Glu-Phe-lle.Ala.Trp-Lfiu.Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 

(b) a peptide having the amino acid sequence: 

His.Ala-Glu-Gly-Thr-Phe.Thr-Ser-Asp-Val-Ser-Ser.Tyr4jeu^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-X (SEQUENCE ID NO: 7) 

wherein X Is selected from the group consisting of: 

(A) Lys. 

(B) Lys-Gly, and 
(0) Lys-Gly-Arg; 

(c) a derivative of a polypeptide comprising the primary structure 

H2N-W.COOH 

wherein W is an amino acid sequence selected from the group consisting of 

His-Asp-Glu-Phe-Glu-Arg-His-Ala-<3lu-Gly-Thr-Phe-7hr-Ser-Asp-VaI-^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly 
(SEQUENCE ID NO: 1) and 

His-Asp-Glu-Phe-Giu-Arg-His-Ala-^lu-Gly-Thr-Phe-Thr-Ser-Asp-Vd-Ser-Ser-T^^ 
Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg 
(SEQUENCE ID NO: 6) 

which derivative when processed in a mammal results in a polypeptide derivative having an insuli- 
notropic activity; 

(d) a derivative of a polypeptide comprising the primary structure 

H2N-R-COOH 

wherein R is an amino acid sequence selected from the group consisting of 

His-Ala-GIu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr-Uu-Glu-Gly^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly-Arg-Gly; (SEQUENCE ID NO: 2) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-SerTyr4jeu-Gfu-Gly-an-^ 
Glu-Phe-lle-Ala-Tfp-Leu-Val-Lys-Gly-Arg; (SEQUENCE ID NO: 3) 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-l^-Glu-Gly-GIri-^ 
Glu-Phe-lle-Ala-Trp-Leu-Val-Lys-Gly; (SEQUENCE ID NO: 4) and 
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-GIu^^^^^ 
Glu-Phe-lle-Ala-Trp-Lau-Val-Lys; (SEQUENCE ID NO: 5) 
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a derivative of said peptides (a) through (d) wherein said derivative is selected from the group 
consisting of: 

(1) a pharmaceuticalty acceptable acid addition salt of said peptides; 

(2) a phanmaceutrcally acceptatH cartx}xylate salt of said p ptides; 

(3) a phanmaceuticaily acceptabi alkali additi n salt f said peptides; 

(4) a phanmaceuticaily acceptabi lower alkyi ester of said peptides; and 

(5) a phanmaceuticaily acceptable amkJe of said peptides wherein said phanmaceuticaily accept- 
able amide is selected from the group consisting of amkle, lower alky! amkie and lower dialkyi 
amide, and 

(ii) a liposonrYe delivery system capable of sustained glycemic control. 

14u A method for the treatment of non-insulin dependent diabetes mellitus In a mannmal in need of such treat- 
ment comprising the prolonged administration of a composition according to any of dainDs 2, 3, 5, 6, 7, 
8. 9, 10, 11 or 13. 



60 



EP 0 619 322 A2 




61 



EP0619322 A2 




62 



EP 0 619 322 A2 



00 
II 



CO 00 

II II 

S- S- 

c c 

I 

c c 

CM ^ 



CO CO 

CM CM 
2 W" <D 

O Q. Q. 

o o o 
o • ^ 



CO 

d 




o 

CM 



o 

CO 
CO 



O 
O 
CO 



O 

Si 



o 

00 



o 

CM 



O 
CO 



- O 



\- o 

CO 
I 



o 

CM 



O 
GO 
CM 



O 
CO 
CM 



O 
CM 



O 

Si 



o 
o 

CM 



O 

00 



o 

CO 



o 



o 

CM 



O 

o 



§8 



63 



EP 0 619 322 A2 



T- OJ CO IT) <0 N 
(D (/) O) (O CO 0) 
<<<<<<< 

h I : I I I 




(lUi/Bu) 

eaisey u| suopjiuaouoQ Ujdojpujinsui 



64 



EP0 61d322A2 



CM 


in 


CO N 


00 




T— 


■r— T— 




a> 




CO CO 


CO 


< 


< 


< < 


< 




i 


• 1 

i ' 


1 


i 






6 

• 




\ 
1 


t 

• 1 


1 




1 1 1 I I r I — I — I 1 1 1 r I I I — I — I 1 1 1 I I I I — I 1 1 ^ 

O ^ T- g 

(|UJ/6u) 

eujseid u| suofiejiudouoQ ujdojioujinsui 



65 



EP0619322 A2 



< < < < 

lilt 




66 



EP 0 619 322 A2 




EP0619 322A2 



FIG. 8 
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